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ryj J JJLAR ACCUMULATION OF PHOSPHONATE ANALOGS OF 

mV PROTEASF. TNTireTTOR COMPOUNDS 

This non-provisional application claims the benefit of Provisional Applications 
60/375,622, ffled April 26, 2002; Provisional AppUcation No. 60/375.779 filed April 26, 
2002; Provisional Application No. 60/375,834, filed April 26, 2002, and Provisional 
Application No. 60/375,665 filed April 26, 2002, all of which are incorporated herein by 
reference. Additionally, copending applications Attorney Docket Nos. 259.PC and 260.PC 
filed concurrently with this application are also incorporated herein by reference in their 
entirety. 

FIELD OF THE INVENTION 

The invention relates generally to conq)ounds with antiviral activity aUd more 
specifically with anti-HIV protease properties. 

BACKGROUND OF THE INVENTION 
AIDS is a naajor public health problem worldwide. Although drugs targeting HIV 
viruses are in wide use and have shown effectiveness, toxicity and development of resistant 
strains have limited their usefulness. Assay methods capable of determining the presence, 
absence or amounts of HIV viruses are of practical utility in the search for inhibitors as well 
as for diagnosing the presence of HTV. 
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Human immunodeficiency virus (HIV) infection and related disease is a major public 
health problem worldwide. The retrovirus human immunodeficiency virus type 1 (HIV-1), a 
member of the primate lentivirus family (DeClercq E (1994) Annals of the New York 
Academy of Sciences, 724:438-456; Barre-Sinoussi F (1996) Lancet, 348:31-35). is generally 
5 accepted to be the causative agent of acquired immunodeficiency syndrome (AIDS) Tairago 
etal FASEB Journal 1994, 8:497-503). AIDS is the result of repeated replication of HIV-1 
and a decrease in inmmne capacity, most prominently a fall in the number of CD4+ 
lyiqphocytes. The mature virus has a single stranded RNA genome that encodes 15 proteins 
(Frankel etal (1998) Annual Review of Biochemistry, 67:1-25; Katz etal (1994) Annual 

10 Review of Biochemistry, 63:133-173), including three key enzymes: (i) protease (Prt) (von der 
Hehn K (1996) Biological Chemistry, 377:765-774); (ii) reverse transcriptase (RT) (Hottiger 
etal (1996) Biological Chemistry Hoppe^eyler, 377:97-120), an enzyme unique to 
retroviruses; and (iii) integrase (Asante etal (1999) Advances in Virus Research 52:351-369; 
Wlodawer A (1999) Advances in Virus Research 52:335-350; Esposito etal (1999) Advances 

15 in Virus Research 52:319-333). Protease is responsible for processing the viral precursor 
polyproteins, integrase is responsible for the integration of the double stranded DNA form of 
the viral genome into host DNA and RT is the key enzyme in the replication of the viral 
genome. In viral replication, RT acts as both an RNA- and a DNA-dependent DNA 
polymerase, to convert the single stranded RNA genome into double stranded DNA. Since 

20 virally encoded Reverse Transcriptase (RT) mediates specific reactions during the natural 
reproduction of the virus, inhibition of HTV RT is an important therapeutic target for 
treatment of HIV infection and related disease. 

Sequence analysis of the complete genomes Scorn, several infective and non-infective 
mV-isolates has shed considerable light on the make-up of the virus and the types of 

25 molecules that are essential for its replication and maturation to an infective species. The 
HIV protease is essential for the processing of the viral gag and gag-pol polypeptides into 
mature virion proteins. L. Ratner, et aL, Nature, 313:277-284 (1985); L. H. Pearl and W. R. 
Taylor, Nature, 329:351 (1987). HTV exhibits the same gag/pol/env organization seen in 
other retroviruses. L. Ratner, et aL, above; S. Wain-Hobson, et al.. Cell, 40:9-17 (1985); R. 

30 Sanchez-Pescador, et aL, Science, 227:484-492 (1985); and M. A. Muesing, et aL, Nature, 
313:450-458 (1985). 

A therapeutic target in AIDS involves inhibition of the viral protease (or proteinase) 
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that is essential for {Hx>cessing HrVrfusion polypeptide precursors. In HIV and several other 
retroviruses, the proteolytic maturation of the gag and gag/pol fusion polypeptides (a process 
indispensable for generation of infective viral particles) has been shown to be mediated by a 
protease that is, itself, encoded by the pol region of the viral genome. Y. Yoshinaka, et aL, 
Proc. NatL Acad. Sci USA, 82:1618-1622 (1985); Y. Yoshinaka, et aL, J. ViroL, 55:870-873 
(1985); Y. Yoshinaka, et aL, J. ViroL, 57:826-832 (1986); and K. von der Hehn, Proc. NatL 
Acad. ScL, USA, 74:911-915 (1977). Inhibition of the protease has been shown to mhibit the 
processing of the HTV p55 in mammalian cell and fflV rephcation in T lymphocytes. T. J. 
McQuade, et al.. Science, 247:454 (1990). 

Drugs approved in the United States for AIDS therapy include nucleoside inhibitors 
of RT (Smith et al (1994) Clinical Investigator, 17:226-243), protease inhibitors and non- 
nucleoside RT inhibitors (NNRH), (Johnson et al (2000) Ad];ances in Internal Medicine^ 45 
(1-40; Porche DJ (1999) Nursing Clinics of North America, 34:95-112). 

The protease (or proteinase), consisting of only 99 amino acids, is among the smallest 
enzymes known, and its demonstrated homology to aspartyl proteases such as pepsin and 
renin (L. H. Pearl and W. R. Taylor, Nature, 329:351-354 (1987); and L Katoh, et aL, Nature, 
329:654-656 (1987)), led to inferences regarding the three-dimensional structure and 
mechanism of the enzyme (L. H. Pearl and W. R. Taylor, above) that have since been borne 
out experimentally. Active HIV protease has been expressed in bacteria (see, e.g., P. L. 
Darke, et al., J. BioL Chem., 264:2307-2312 (1989)) and chemically synthesized (J. 
Schneider and S. B. Kent, Cell, 54:363-368 (1988); and R. F. Nutt, et aL, Proc. NatL Acad. 
ScL, USA, 85:7129-7133 (1988)). Site directed mutagenesis (P. L. Darke, et aL, above); and 
N. E. Kohl, et al., Proc. NatL Acad. ScL, USA, 85:4686-4690 (1988)) and pepstatin inhibition 
(P. L. Darke, et aL, J. BioL Chem., 264:2307-2312 (1989); S. Seehneier. et al., Proc. NatL 
Acad. ScL, USA, 85:6612-6616 (1988); C.-Z. Giam and L Borsos, J. BioL Chem., 
263:14617-14720 (1988); and J. Hansen, et aL, EMBO J., 7:1785-1791 (1988)) have 
provided evidence for HTV protease's mechanistic function as an aspartyl protease. A study 
has demonstrated that the protease cleaves at the sites expected in peptides modeled after the 
regions actually cleaved by the enzyme in the gag and pol precursor proteins during viral 
maturation. P. L. Darke, et aL, Biochem. Biophys. Res. Communs., 156:297-303 (1988). X- 
ray crystallographic analysis of the HIV-protease QA. A. Navia, et aL, Nature, 337:615-620 
(1989)) and a related retroviral enzyme from Rous sarcoma virus (M Miller, et aL, Nature, 
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337:576-579 (1989)) reveal an active site in the protease dimer that is identical to that seen in 
other aspartyl proteases, thus supporting the supposition (L. H. Pearl and W. R. Taylor, 
above) that the HIV enzyme is active as a dimer. See also Joseph A. Martin, "Recent 
Advances in the Design of HIV Proteinase Inhibitors," Antiviral Research, 17 (1992) 265- 
5 278. 

Inhibitors of HTV protease are useful to limit the establishment and progression of 
infection by therapeutic administration as well as in diagnostic assays for HTV. Protease 
inhibitor drugs approved by the FDA include: 

• saquinavir (Invirase®, Fortovase®, Hoffinan-La Roche, EP-00432695 and EP- 
10 00432694) 

• ritonavir (Norvir®, Abbott Laboratories) 

• indinavir (Crixivan®, Merck & Co.) 

• nel£uiavir (Viracept®, Pfizer) 

• an^renavir (Agenerase®, GlaxoSmithKline, Vertex Pharmaceuticals) 
15 • lopinavir/ritonavir (Klaletra®, Abbott Laboratories) 

Experimental protease inhibitor drugs include: 

• fosamprenavir (GlaxoSmithKline, Vertex Pharmaceuticals) 

• tipranavir (Boehringer Ingelheim) 

• atazanavir (Bristol-Myers Squibb). 

20 There is a need for anti-HIV therapeutic agents, Le. drugs having improved antiviral 

and pharmacokinetic properties with enhanced activity against development of HIV 
resistance, improved oral bioavailability,, greater potency and extended effective half-life in 
vivo. New HTV protease inhibitors (PI) should be active against mutant HIV strains, have 
distinct resistance profiles, fewer side effects, less conq)licated dosing schedules, and orally 

25 active. In particular, there is a need for a less onetous dosage regimen, such as one pill, once 
per day. Although drugs targetiog HTV protease are in wide use and have shown 
effectiveness, particularly when enq>loyed in combination, toxicity and development of 
resistant strains have limited their usefulness (Palella, et alK EngL J. Med (1998) 338:853- 
860; Richman. D. D. Nature (2001) 410:995-1001). 

30 Combination therapy of PI and RT inhibitors has proven to be highly effective in 

suppressing viral replication to unquantifiable levels for a sustained period of time. Also, 
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combination then^y with RT and protease inhibitors have shown synergistic effects in 
suppressing HIV replication. Unfortunately, many patients currently fail combination 
therapy due to the development of drug resistance, non-con^liance with conQ>licated dosing 
regimens, pharmacokinetic interactions, toxicity, and lack of potency. Therefore, there is a 
5 need for new HTV protease inhibitors that are synergistic in combination with other HIV 
inhibitors. 

Liq)roving the delivery of drugs and other agents to target cells and tissues has been 
the focus of considerable research for many years. Though many attempts have been made to 
develop effective methods for importing biologically active molecules into cells, both in vivo 

10 and in vitro^ none has proved to be entirely satisfactory. Optimizing the association of the 
inhibitory drug with its. intracellular target, while minimizing intercellular redistribution of 
the drug, e.g. to neighboring cells, is often difficult or inefficient. 

Most agents currently administered to a patient parenterally are not targeted, resulting 
in systemic delivery of the agent to cells and tissues of the body where it is unnecessary, and 

15 often undesirable. This may result in adverse dmg side effects, and often limits the dose of a 
dmg (e.g., cytotoxic agents and other anti-cancer or anti-viral drugs) that can be 
administered. By comparison, although oral administration of drugs is generally recognized 
as a convenient and economical method of administration, oral administration can result in 
either (a) uptake of the drug through the cellular and tissue barriers, e,g. blood/brain, 

20 epithelial, cell membrane, resulting in undesirable systemic distribution, or (b) temporary 
residence of the drag within the gastrointestinal tract. Accordingly, a major goal has been to 
develop methods for specifically targeting agents to cells and tissues. Benefits of such 
treatment includes avoiding the general physiological effects of inappropriate dehvery of 
such agents to other cells and tissues, such as uniofected ceBs. Intracellular targeting may be 

25 achieved by methods and coziq>ositions which allow accumulation or retention of biologically 
active agents inside cells. 
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SUMMARY OF TBDE INVENTION 

The present invention provides novel compounds with HIV protease activity, ie. 
novel human retroviral protease inhibitors. Therefore, the compounds of the invention may 
inhibit retroviral proteases and thus inhibit the replication of the virus. They are useful for 
5 treating human patients infected with a human retrovirus, such as human immunodeficiency 
virus (strains of HIV- 1 or HIV-2) or human T-cell leukemia viruses (HTLV-I or HTLV-II) 
which results in acquired immunodeficiency syndrome (AIDS) and/or related diseases. The 
present invention includes novel phosphonate HTV protease inhibitor (PI) compounds and 
phosphonate analogs of known approved and experimental protease inhibitors. The 

10 conq>ounds of the invention optionally provide cellular accumulation as set forth below. 

The present invention relates generally to the accumulation or retention of therapeutic 
confounds inside ceUs. The invention is more particularly related to attaining high 
concentrations of phosphonate-containing molecules in HIV infected cells. Intracellular 
targeting may be achieved by methods and conqpositions which allow accumulation or 

15 retCTitionofbiologically active agents inside cells. Such effective targeting may be 
applicable to a variety of therapeutic formulations and procedures. 

Conqiositions of the invention include new PI compounds having at least one 
phosphonate group. The invention includes all known ^proved and ejqp^imental protease 
inhibitors with at least one phosphonate.group. 

20 In one aspect, the invention includes con5)ounds having Formulas I, II, IQ, IV, V, VI, 

Vn and Vma-d: 
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including at least one phosphonate group. Fommlas I-Vm are "scaffolds'*, ie. substructures 
which are conunon to the specific compounds enconD3)assed therein. 



having anti-HIV properties. 

Another aspect of the invention provides a method for the treatment or prevention of 
the symptoms or effects of an HTV infection in an infected animal which comprises 
administering to, Le. treating, said animal with a pharmaceutical combination con^irising an 
effective amount of a conq)ound selected from Formulas I-Vm and a second compound 
having anti-HIV properties. 

The invention provides a pharmaceutical con[5>osition con^^rismg an effective amount 
of a compound selected from Formulas I- Vm, or a pharmaceutically acceptable salt thereof, 
in combination with a pharmaceutically acceptable diluent or carrier. 

This invention pertains to a method of increasing cellular accumulation and retention 
of drug confounds, thus improving their therapeutic and diagnostic value. 

The invention also provides a method of inhibiting HIV, conq)rising administering to 
a mammal infected with HIV (HIV positive) an amount of a conq)ound of Formulas I- VIII, 
effective to inhibit the growth of said HIV infected cells. 

The invention also provides a con5)ound selected from Formulas I- Vm for use in 
medical therapy (preferably for use in treating cancer, e.g. soUd tumors), as well as the use of 
a conapound of Formulas I-Vin for the manufacture of a medicament useful for the treatment 
of cancer, e.g. solid tumors. 

The invention also provides processes and novel intermediates disclosed herein which 
are useful for preparing compounds of the invention. Some of the coii?)ounds of Formulas I- 
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Vin are useful to prepare other conq>oiinds of Formulas I- Vm 

In another aspect of the mvention, the activity of HIV protease is inhibited by a 
method conq>rising the step of treating a sanq>Ie suspected of containing HIV virus with a 
compound or composition of the invention. 



Anoth^ aspect of the invention provides a noiethod for inhibiting the activity of HIV 
protease conq>rising the step of contacting a sanq>le suspected of containing HIV vims with a 
coiiq>osition of the invention. 

In other aspects, novel methods for synthesis analysis, separation, isolation, 
purification, characterization, and testing of the conqK)unds of this invention are provided. 
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DETAILED DESCRIPTION OF EaOEMPLARY EMBODIMENTS 
Reference will now be made in detail to certain embodiments of the invention, 
exanq)les of which are illustrated in the accompanying description, structures and formulas. 
While the invention will be described in conjunction with the enumerated embodiments, it 
IS wiQ be understood that they are not intended to limit the invention to those embodiments. On 
the contrary, the invention is intended to cover all alternatives, modifications, and equivalents, 
which may be included within the scope of the present invention as defined by the claims. 

DEFINrnONS 

Unless stated otherwise, the following terms and phrases as used herein are intended 
20 to have the following meanings: 

The terms '^hosphonate" and '"phosphonate group"* mean a functional group or 
moiety within a molecule that conq>rises at least one phosphorus-carbon bond, and at least 
one phosphorus-oxygen double bond. The phosphorus atom is further substituted with 
oxygen, sulfur, and nitrogen substituents. These substituents may be part of a prodrug 
25 moiety. As defined herein, '*phosphonate" and ''phosphonate group** include molecules with 
phosphonic acid, phosphonic monoester, phosphonic diester, phosphonamidate, 
phosphondiamidate and phosphonthioate functional groups. 

The term "prodrug" as used herein refers to any compound that when administered to 
a biological system generates the drug substance, Le. active ingredient, as a result of 
30 spontaneous chemical reaction(s), enzyme catalyzed chemical reaction(s), photolysis, and/or 
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metabolic chemical reaction(s). A prodrug is thus a covalently modified analog or latent form 
of a therapeutically-active cocogpound. 

'Tharmaceutically acc^table prodrug'' refers to a coiiq>ound that is metabolized in 
the host, for example hydrolyzed or oxidized, by either enzjrmatic action or by general acid or 
5 base solvolysis, to form an active ingredient Typical examples of prodrugs of the 

confounds of the invention have biologically labile protecting groups on a functional nK)iety 
of the confound. Prodrugs include conqiounds that can be oxidized, reduced, aminated, 
deaminated, esterified, deesterified, alkylated, dealkylated, acylated, deacylated, 
phosphorylated, dephosphorylated, photolyzed, hydrolyzed, or other functional group change 

10 or conversion involving forming or breaking chemical bonds on the prodrug. 

*Trodrug moiety" means a labile functional group which separates from the active 
inhibitory compound during metabolism, systemically, inside a cell, 1^ hydrolysis, enzymatic 
cleavage, or by some other process (Bundgaard, Hans, *T>esign and Application of Prodrugs" in 
Textbook of Drug Design and Development (1991), P. Krogsgaard-Larsen and H. 

15 Bundgaard, Eds. Harwood Academic Publishers, pp, 113-191). Enzymes which are capable 
of an enzymatic activation mechanism with the phosphonate prodrug compounds of the 
invention include, but are not limited to, amidases, esterases, microbial enz3mies, 
phosphohpases, cholinesterases, and phosphases. Prodrug looieties can serve to enhance 
solubility, absorption and lipophilicity to optimize drug delivery, bioavailability and efficacy. 

20 Exemplary prodrug moieties include the hydroljrtically sensitive or labile 

acyloxymethyl esters -CH20C(=0)R^ and acyloxymethyl carbonates --CH20C(=:0)0R^ 
where is Ci-Ce alkyl, Ci-Q substituted alkyl, CV-C20 aryl or Q-C20 substituted aryl. 
The acyloxyalkyl ester was first used as a prodrug strategy for carboxylic acids and then 
applied to phosphates and phosphonates by Farquhar et al (1983) /. Pharm. ScL 72: 324; also 

25 US Patent Nos. 4816570, 4968788, 5663159 and 5792756. In certain con5)ounds of the 

invention, a prodrug moiety is part of a phosphonate group. Subsequently, the acyloxyalkyl 
ester was used to deliver phosphonic acids across cell membranes and to enhance oral 
bioavailability. A close variant of the acyloxyalkyl ester, the alkoxycarbonyloxyalkyl ester 
(carbonate), may also enhance oral bioavailability as a prodrug moiety in the compoimds of 

30 the confl>inations of the invention. An exemplary acyloxymethyl ester is 

pivaloyloxymethoxy, (POM) -CH20C(=0)C(CH3)3. An exeir5)lary acyloxymethyl 
carbonate prodrug moiety is pivaloyloxymethylcarbonate (POQ -CH20C(=0)OC(CH3)3. 

- 10 - 
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The phosphonate group may be a phosphonate prodrug moiety. The prodrug moiety 
may be sensitive to hydrolysis, such as, but not limited to a pivaloyloxymethyl carbonate 
(POQ or POM group. Alternatively, the prodrug moiety may be sensitive to enzymatic 
potentiated cleavage, such as a lactate ester or a phosphonamidate-ester group. 
5 Aryl esters of phosphorus groups, especially phenyl esters, are reported to enhance 

oral bioavailability (DeLambert et al (1994) /. Med. Chem. 37: 498). Phenyl esters 
containing a carboxylic ester ortho to the phosphate have also been described (Khamnei and 
Torrence, (1996) /. MecL Chem, 39:4109-4115). Benzyl esters are reported to generate the 
parent phosphonic acid. In some cases, substituents at the ortho-ox para-position may 

10 accelerate the hydrolysis. Benzyl analogs with an acylated phenol or an alkylated phenol 

may generate the phenolic conq)ound through the action of enzymes, e.g. esterases, oxidases, 
etc., which in turn undergoes cleavage at the benzylic C-O bond to generate the phosphoric 
acid and the quinone methide intermediate. Examples of this class of prodrugs are described 
by Mitchell et al (1992) /. Chem. Soc. Perldn Trans. 1 2345; Brook et al WO 91/19721. Still 

15 other benzylic prodrugs have been described containing a carboxylic ester-containing group 
attached to the benzylic methylene (Glazier et al WO 91/19721). Thio-containing prodrugs 
are reported to be useful for the intracellular delivery of phosphonate drugs. These proesters 
contain an ethylthio group in which the thiol group is either esterified with an acyl group or 
combined with another thiol group to form a disulfide. Deesterification or reduction of the 

20 disulfide generates the free thio intermediate which subsequently breaks down to the 

phosphoric acid and episulfide (Puech et al (1993) Antiviral Res.^ 22: 155-174; Benzaria et al 
(1996) y. Med Chem. 39: 4958). Cyclic phosphonate esters have also been described as 
prodrugs of phosphorus-containing compounds (Erion et al, US Patent No. 6312662). 
!Protecting group" refers to a moiety of a conq>ound that masks or alters the 

25 properties of a functional group or the properties of the compoimd as a whole. The chemical 
substructure of a protecting group varies widely. One function of a protecting group is to 
serve as intermediates in the synthesis of the parental drag substaiK^e. Chemical protecting 
groups and strategies for protection/deprotection are well known in the art. See: "Protective 
Groups in Organic Chemistry", Theodora W. Greene (John Wiley & Sons, Inc., New York, 

30 1991. Protecting groups are often utilized to mask the reactivity of certain functional groups, 
to assist in the efficiency of desired chemical reactions, e.g. making and breaking chemical 
bonds in an ord^ed and planned fashion. Protection of functional groups of a conq>ound 
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alters other physical properties besides the reactivity of the protected functional group, such 
as the polarity, lipophilicity (hydrophobicity), and other prop^ties which can be measured by 
common analytical tools. Chemically protected intermediates may themselves be 
biologically active or inactive. 
5 Protected compoimds may also exhibit altered, and in some cases, optimized 

properties in vitro and in vivo^ such as passage through cellular membranes and resistance to 
enzymatic degradation or sequestration. In this role, protected coiq)punds with intended 
ther^utic effects may be referred to as prodrugs. Another function of a protecting group is 
to convert the parental drug into a prodrug, whereby the parental drug is released upon 

10 conversion of the prodrug in vivo. Because active prodrugs may be absorbed more 

effectively than the parental drug, prodrugs may possess greater potency in vivo than the 
parental drug. Protecting groups are renooved either in vitro, in the instance of chemical 
intermediates, or in vivoj in the case of prodrugs. With chemical intermediates, it is not 
particularly important that the resulting products after deprotection, e.g. alcohols, be 

IS physiologically acceptable, although in general it is more desirable if the products are 
pharmacologically innocuous. 

Any reference to any of the compoimds of the invention also iucludes a reference to a 
physiologically acceptable salt thereof. £xaiiq)les of physiologically acceptable salts of the 
compounds of the invention include salts derived from an appropriate base, such as an alkali 

20 metal (for exanq)le, sodium), an alkaline earth (for example, magnesium), ammonium and 

NX4^ (wherein X is Ci— Q aflcyl). Physiologically acceptable salts of an hydrogen atom or an 
amino group include salts of organic carboxylic acids such as acetic, benzoic, lactic, fumaric, 
tartaric, loaleic, malonic, malic, isethionic, lactobionic and succinic acids; organic sulfonic 
acids, such as methanesulfonic, ethanesulfonic, benzenesulfonic and p-tohienesulfonic acids; 

25 and inorganic acids, such as hydrochloric, sulfuric, phosphoric and sulfamic acids. 

Physiologically acceptable salts of a conq)ound of an hydroxy group include the anion of said 
conq)ound in combination with a suitable cation such as Na"*^ and NX4' (wherein X is 
independently selected from H or a Ci— C4 alkyl group). 

For therapeutic use, salts of active ingredients of the con5)ounds of the invention wDl 

30 be physiologically acceptable, i.e. they will be salts derived from a physiologically acceptable 
acid or base. However, salts of acids or bases which are not physiologically acceptable may 
also find use, for example, in the preparation or purification of a physiologically acceptable 
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conipomKL All salts» whether or not derived foim a physiologically acceptable acid or base, 
are within the scope of the present invention. 

"AlkyF is Ci-Cig hydrocarbon containing normal, secondary* tertiary or cyclic 

carbon atoms. Exanq>les are methyl (Me, -CH3), ethyl (Et, -CH2CH3), 1-propyl (n-Pr, n- 

5 propyl, -CH2CH2CH3), 2-propyl (i-Pr, i-propyl, -CH(CH3)2), 1-butyl (n-Bu, n-butyl, 

-CH2CH2CH2CH3), 2-methyH-propyl G-Bu, i-butyl, -CH2CH(CH3)2), 2-butyl (s-Bu, s- 

butyl, -CH(CH3)CH2CH3), 2-methyl-2-propyl (t-Bu, t-butyl, -C(CH3)3), 1-pentyl (n-pentyl, 

-CH2CH2CH2CH2CH3), 2-pentyl (-CH(CH3)CH2CH2CH3), 3-pentyl (-CH(CH2CH3)2), 2- 

methyl-2-butyl (-C(CH3)2CH2CH3), 3-methyl-2-butyl (-CH(CH3)CH(CH3)2X 3-methyH- 

10 butyl (-CH2CH2CH(CH3)2), 2-methyl-l-butyl (-CH2CH(CH3)CH2CH3). 1-hexyl 
(-CaH[2CH2CaH2CH2CH2CH3), 2-hexyl (-CH(GH3)CH2CH2CH2CH3). 3-hexyl 
(-CH(CH2CH3)(CH2CH2CH3)), 2-methyl-2-pentyl (-C(CH3)2CH2CH2CH3), 3-methyl-2- 
pentyl (-CH(CH3)CH(CH3)CH2CH3). 4-methyl-2-pentyl (-CH(CH3)CH2CH(CH3)2), 3- 
methyl-3-pentyl (-C(CH3)(CH2CH3)2), 2-methyl-3-pentyl (-CH(CH2CH3)CH(CH3)2)» 2.3- 

15 dimethyl-2-butyl (-C(CH3)2CH(CH3)2). 3,3-dimethyl-2-butyl (-CH(CH3)C(CH3)3. 

"Alkenyl" is C2-C18 hydrocarbon containing normal, secondary, tertiary or cyclic 
carbon atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp^ double bond. 
Exan^les include, but are not limited to: ethylene or vinyl (-CH=CH2), allyl (-CH2CH=CH2), 
cyclopentenyl (-C5H7), and 5-hexenyl (-CH2 aEl2CH2CH2CH==CH2) 

20 "Alkynyl" is C2-C18 hydrocarbon containing normal, secondary, tertiary or cyclic 

carbon atoms with at least one site of unsaturation, Le. a carbon-carbon, sp triple bond. 

Examples include, but are not limited to: acetylenic (-C^CH) and propargyl (-CH2C^CH), 

" AEkylene'* refers to a saturated, branched or straight chain or cyclic hydrocarbon radical 

of 1-18 carbon atoms, and having two monovalent radical centers derived by the removal of two 
25 hydrogen atoms from the same or two different carbon atoms of a parent alkane. Typical 

alkylene radicals include, but are not limited to: methylene (-CH2-) 1,2-ethyl (-CH2CH2-), 1,3- 

propyl (-CH2CH2CH2-), 1,4-butyl (-CH2CH2CH2CH2-), and the like. 

''Alkenylene'* refers to an unsaturated, branched or straight chain or cyclic hydrocarbon 

radical of 2-18 carbon atoms, and having two monovalent radical centers derived by the removal 

30 of two hydrogen atoms firom the same or two difii^^t carbon atoms of a parent alkene. Typical 

alkenylene radicals include, but are not limited to: 1,2-ethylene (-CH=CH-). 

- 13 - 



WO 03/090690 



PCT/US03/12901 



"Alkynylene" refers to an unsaturated, branched or straight chain or cyclic hydrocarbon 
radical of 2-18 carbon atoms, and having two monovalent radical cent^ dmved by the removal 
of two hydrogen atoms from the same or two differrat carbon atoms of a parent alkyne. Typical 
alkynylene radicals include, but are not limited to: acetylene (-C^-), propargyl (-CHzCMl-X 
5 and 4-pentynyl (-CH2CH2CH2C^CH-). 

"Aryl" means a monovalent aromatic hydrocarbon radical of 6-20 carbon atoms derived 
by the removal of one hydrogen atom from a single carbon atom of a parent aromatic ring 
system. Typical aryl groups include, but are not limited to, radicals derived from benzene, 
substituted benzene, naphthalene, anthracene, biphenyl, and the like. 

10 "Arylalkyl" refers to an acyclic alkyl radical in which one of the hydrogen atoms 

bonded to a carbon atom, typically a terminal or sp^ carbon atom, is replaced with an aryl 
radical Typical arylalkyl groups inchide, but are not limited to, benzyl, 2-phenylethan-l-yl, 
2-phenylethen-l-yl, naphthylmethyl, 2-naphthylethan-l-yl, 2-naphthylethen-l-yl, 
naphthobenzyl, 2-naphthophenylethan-l-yl and the like. The arylalkyl group conq>rises 6 to 

15 20 carbon atoms, e.g. the alkyl moiety, including alkanyl, alkenyl or alkynyl groups, of the 
arylalkyl group is 1 to 6 carbon atoms and the aryl moiety is 5 to 14 carbon atoms. 

"Substituted alkyl", "substituted aryl", and "substituted arylalkyl" mean alkyl, aryl, 
and arylalkyl respectively, in which one or more hydrogen atoms are each independently 
replaced with a substituent. Typical substituents include, but are not limited to, -X, -R, -O, 

20 -OR, -SR, -S\ -NR2, -NR3, =NR, -CX3, -CN, -OCN, -SCN, -N=C=0, -NCS, -NO, 
-NO2, =N2, -N3. NC(=0)BI, -C(=0)R, -C(=0)NRR -S(=0)20-, -S(=0)20H, -S(=0)2R, 
-0S(=0)2OR, -S(=0)2NR, -S(=0)R, -OP(=0)02RR.-P(=0)02RR -P(=0)(0-)2, -P(=0)(0H)2, 
^C(=0)R, -C(=0)X, -C(S)R, -C(0)OR, -C(0)0-, -C(S)OR, -C(0)SR, -C(S)SR, -C(0)NRR, 
-C(S)NRR, -C(NR)NRR, where each X is independently a halogen: F, CS, Br, or I; and each 

25 R is independently -H, alkyl, aryl, heterocycle, protecting group or prodrug moiety. Alkylene, 
alkenylene, and alkynylene groups may also be similarly substituted. 

"Heterocycle" as used herein includes by way of example and not limitation these 
heterocycles described in Paquette, Leo A.; "Principles of Modem Heterocyclic Chemistry" 
(W.A. Benjamin, New York, 1968), particularly Chapters 1, 3, 4, 6, 7, and 9; "The Chemistry 

30 of Heterocyclic Compounds, A series of Monographs" (John Wiley & Sons, New York, 1950 
to present), in particular Volumes 13, 14, 16, 19, and 28; and 7. Anu Chenu Soc. (1960) 
82:5566. 
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Examples of het^x>cycles include by way of exanqple and not limitation pyridyl, 
dihydroypyridyl, tetrahydropyridyl (piperidyl), thiazolyl, tetrahydrothiophenyl, sulfur 
oxidized tetrahydrothiophenyl, pyrhnidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, 
tetrazolyl, benzofiiranyl, thianaphthalenyl, indolyl» indolenyl, quinolinyl» isoquinolinyl, 
benzimidazolyl, piperidinyl» 4-piperidonyl, pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, 
tetrahydroiuranyl, bis-tetrahydrofiiranyl, tetrahydropyranyl, bis-tetrahydropyranyl, 
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroqulnolinyl, octahydroisoquinolinyl, 
azocinyl, tiiazinyl, 6H-l,2,5-thiadia2inyl, 2H,6H-l,5,2-dithiazinyl, thienyl, thianthrenyl, 
pyranyl, isobenzo&ranyl, chromenyl, xanthenyl, phenoxathinyl, 2H-pyrrolyl, isothiazolyl, 
isoxazolyl, pyrazinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, IH-indazoly, purinyl, 
4H-quinolizinyl, phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, 
pteridinyl, 4aH-carba2olyl, carbazolyl, p-carbolinyl, phenanthridinyl, acridinyl, pyrimidinyl, 
phenanthrolinyl, phenazinyl, phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl, 
chromanyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl, indolinyl, 
isoindolinyl, quinuclidinyl, moipholinyl, oxazolidinyl, benzotriazolyl, benzisoxazolyl, 
oxindolyl, benzoxazolinyl, and isatinoyL 

One embodiment of the bis-tetrahydrofiiranyl group is: 



By way of example and not limitation, carbon bonded heterocycles are bonded at 
position 2, 3, 4, 5, or 6 of a pyridine, position 3, 4, 5, or 6 of a pyridazine, position 2, 4, 5, or 
6 of a pyrimidine, position 2, 3, 5, or 6 of a pyrazine, position 2, 3, 4, or 5 of a furan, 
tetrahydrofiiran, thiofiiran, thiophene, pyrrole or tetrahydropyrrole, position 2, 4, or 5 of an 
oxazole, imidazole or thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or isothiazole, 
position 2 or 3 of an aziridine, position 2, 3, or 4 of an azetidine, position 2, 3, 4, 5, 6, 7, or 8 
of a quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline. Still naore typically, carbon 
bonded heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyl, 5-pyridyl, 6-pyridyl, 3- 
pyridazinyl, 4-pyridazinyl, 5-pyridazinyl, 6-pyrida2inyl, 2-pyrimidinyl, 4-pyrimidiQyl, 5- 
pyrknidinyl, 6-pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4- 
thiazolyl, or 5-thiazoIyL 

By way of example and not limitation, nitrogen bonded heterocycles are bonded at 
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position 1 of an aziridine, azetkiine, pyrrole, pyrrolidine, 2-pyrroline, 3-pyrroline, imidazole, 
imidazolidine, 2-iimdazoline, 3-iimdazoline, pyrazole, pyrazoline, 2-pyrazoline, 3- 
pyrazoline, piperidine, piperazine, indole, indoline, IH-indazole, position 2 of a isoindole, or 
isoindoline, position 4 of a moipholiae, and position 9 of a carbazole, or P-carboline. Still 
S more typically, nitrogen bonded heterocycles include 1-aziridyl, 1-azetedyl, 1-pyrrolyl, 1- 
imidazolyl, 1-pyrazolyl, and 1-piperidinyL 

''Carbocycle'' means a saturated, unsaturated or aromatic ring having 3 to 7 carbon 
atoms as a monocycle or 7 to 12 carbon atoms as a bicycle. Monocyclic carbocycles have 3 
to 6 ring atoms, stiil more typically S or 6 ring atoms. Bicyclic carbocycles have 7 to 12 ring 
10 atoms, e.g. arranged as a bicyclo [4,5], [S,5], [5,6] or [6,6] system, or 9 or 10 ring atoms 
arranged as a bicyclo [5,6] or [6,6] system. Examples of loonocyclic carbocycles include 
cyclopropyl, cyclobutyl, cyclopentyl, 1-cyclopent-l-enyl, l-cyclopent-2-enyl, l-cyclopent-3- 
enyl, cyclohexyl, 1-cyclohex-l-enyl, l-cyclohex-2-enyl, l-cyclohex-3-enyl, phenyl, spiryl 
and naphthyL 

15 "Linker" or 'link** means a chemical nioiety conq>rismg a covalent bond or a chaia of 

atoms that covalently attaches a phosphonate group to a drug. Linkers include portions of 
substituents and enumerated in Formula I, or substituents Ai and A3 enumerated in 
Formula 11, which include moieties such as: repeating imits of alkyloxy (e.g. polyethylenoxy, 
PEG, polymethyleneoxy) and alkylamino (e.g. polyethyleneamino, Jeffamine™); and diacid 
20 ester and amides including succinate, succinamide, diglycolate, malonate, and caproamide. 

The term "chiral" refers to molecules which have the property of non- 
superimposability of the mirror image partner, while the term "achiral" refers to molecules 
which are superimposable on their mirror image partner. 

The term "stereoisomers" refers to confounds which have identical chemical 
25 constitution, but differ with regard to the arrangement of the atoms or groups in space. 

"Diastereomer" refers to a stereoisomer with two or more centers of chirality and 
whose molecules are not mirror images of one another. Diastereomers have different 
physical properties, e.g. melting points, boiling points, spectral properties, and reactivities. 
Mixtures of diastereomers may separate under high resolution analytical procedures such as 
30 electrophoresis and chromatography. 

"Enantiomers" refer to two stereoisomers of a compound which are non- 
superimposable mirror images of one another. 
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Stereochemical definitions and conventions used herein generally follow S. P. Parker, 
Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-Hill Book Company, New 
York; and Eliel» E. and Wilen, S.. Sto-eochemistrv of Organic Compounds (1994) John Wiley 
& Sons, Inc., New York. Many organic compoimds exist in optically active forms, Le., they 

5 have the ability to rotate the plane of plane-polarized light. In describing an optically active 
compound, the prefixes D and L or R and S are used to denote the absolute configiuration of 
the molecule about its chiral center(s). The prefixes d and 1, D and L, or (+) and (-) are 
employed to designate the sign of rotation of plane-polarized light by the compound, with (-) 
or 1 meaning that the confound is levorotatory, A compound prefixed with (+) or d is 

10 dextrorotatory. For a given chemical structure, these stereoisomers are identical except that 
they are mirror images of one another. A specific stereoisomer may also be referred to as an 
enantiomer, and a mixture of such isomers is often called an enantiomeric mixture. A 50:50 
mixture of enantiomers is referred to as a racemic mixture or a racemate, which may occur 
where there has been no stereoselection or stereospecificity in a chemical reaction or process. 

15 The tpj-mg "racemic mixture" and "racemate" refer to an equimolar mixture of two 
enantiomeric species, devoid of optical activity. 

HTV PrntftflRft Tnhihitnr Compounds 

The compounds of the invention include those with HIV protease inhibitory activity. 
In particular, the conq>ounds include HTV protease inhibitors. The conq>ounds of the 

20 inventions bear a phosphonate group, which may be a prodrug moiety. 

In various embodiments of the invention one identifies conq>ounds that may fall 
within the generic scope of the documents cited under the definition of the terms ILPPI 
(Indinavir-Iike phosphonate protease inhibitors. Formula I); AMLPPI (Amprenavir-like 
phosphonate protease inhibitors. Formula II); KNBLPPI (KNI-like phosphonate protease 

25 inhibitors, Fommla IE); RLPPI (Ritonavir-like phosphonate protease inhibitors. Formula IV); 
LLPPI (Lopinavir-hke phosphonate protease inhibitors. Formula IV); NLPPI (Nelfinavir-like 
phosphonate protease inhibitors. Formula V); SLPPI (Saquinavir-like phosphonate protease 
inhibitors. Formula V); ATLPPI (Atanzavir-like phosphonate protease inhibitors. Formula 
VI); TURPI (Tq)ranavir-like phosphonate protease inhibitors. Formula VII); and CCLPPI 

30 (Cyclic carbonyl-like phosphonate protease inhibitors. Formula VDIa-d) all of which 

conq>rise a phosphonate group, e.g. a phosphonate diester, phosphonamidate-ester prodrug, 
or a phosphondiamidate-ester (Jiang et al. US 2002/0173490 Al). 
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Whenever a coimoimd described h^ein is substituted with more than one of the same 
designated group, e.g., "R*" or "R^", then it will be understood that the groups may be the 
same or different, Le., each group is independently selected. Wavy lines indicate the site of 
covalent bond attachments to the adjoining groups, moieties, or atoms. 

Conopounds of the invention are set forth in the schemes, examples, descriptions and 
claims below and include the invention includes compounds having Formulas I, n, m, IV, V, 
VI, vn and Vffla-d: 




- 18 - 



wo 03/090690 



PCT/US03/12901 



HN'^NH 



HN" "NH 





vma 



vmb 




HN 



X 



NH 



Vmc and 



Vmd; 



where a wavy line indicates the other structural moieties of the compounds. 

Formula I compounds have a 3-hydroxy-S-anuno-pentamide core. Formula n 
conqpounds have a 2-hydroxy^l, 3-amino-propylamide or 2-hydroxy-l,3-amino- 



core. Formula IV con?)oimds have a 2-hydro3qr-4-arDino-butylaiiiine core. Formula V 



hydroxy-3-diaza-propylainide core. Formula VII conq)ounds have a sulfonamide 5,6- 
dihydro-4-hydroxy-2-pyrone core. Formula Vllla-^ coii:q)ounds have a six or seven- 
membered ring, and a cyclic carbonyl, sulfhydryl, sulfoxide or sulfone core, where is 
oxygen, sulfur, or substituted nitrogen and m2 is 0, 1 or 2. 

Formulas I, II, m, IV, V, VI, VII and Vma-d are substituted with one or more 
covalently attached groups, including at least one phosphonate group. Formulas I, n, DI, IV, 
V, Vt Vn and VlHa-d are substituted with one or more covalently attached A groups, 
including simultaneous substitutions at any or all A°. A*^is A\ A^or W^ Compounds of 
Formulas I, H, m, IV, V, VI, Vn and VlOa-d include at least one A^ . 





A^is: 




A is: 
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M12b 

Y' is independently O, S, N(R*), N(0)(R='), N(OR''), N(0)(OR''), or N(N(R'')( R'')). 
is independenfly a bond, O, NCR"), NCOXR"), N(OR"), N(0)(OR"), NCNCR^X R")), 
-S(0)m2-. or -S(0)m2-S(0)m2-. 

R* is independently H, W^, a protecting group, or the fommla: 




M12c M1c M1d 



wherein: 

Mia, Mlc, and Mid are independently 0 or 1; 
M12c is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12; and 

is independently H, W^, R^ or a protecting group. 
Altranatively, R^ is a group of the formula: 




Mia Mlb M12cM1c Mid Mie 



wherein: 

mla, mlb, mlc, mid and mle are independently 0 or 1; 
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ml2c is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12; 
is H, W^, R^ or a protecting group; 
provided that: 

if mla, nil2c, and mid are 0, then mlb, mlc and mle are 0; 

if mla and ml2c are 0 and mid is not 0, then mlb and mlc are 0; 

if mla and mid are 0 and ml2c is not 0, then mlb and at least one of mlc and mle 

areO; 

if mla is 0 and ml2c and mid are not 0, then mlb is 0; 

if ml2c and mid are 0 and mla is not 0, then at least two of mlb, mlc and mle are 0; 
if ml2c is 0 and mla and mid are not 0, then at least one of mlb and mlc are 0; and 
if mid is 0 and mla and ml2c are not 0, then at least one of mlc and mle are 0. 
R^ is independently H or alkyl of 1 to 18 carbon atoms. 

R^ is independently H, R^ or R"* wh^ein each R"^ is independently substituted with 0 
to 3 R groups. Altematively, taken togetbra- at a carbon atom, two groups form a ring, Le. 
a spiro carbon. The ring may be, for exanqile, cyclopiopyl, cyclobutyl, cyclopentyl, or 
cyclohexyl. The ring may be substituted with 0 to 3 R^ groups. 

R is R^°, R^^ R^'' or R^**, provided that whai R^ is boimd to a heteroatom, then R^ is 
R'' or R^". 

R^' is F, CI. Br, I, -CN. N3 or -NO2. 
R^" is Y'. 

R"= is -R\ -N(R'')(R''), -SR\ -S(0)R% -S(0)2R\ -SCOXOR"), -S(0)2(0R^), 
-OC(Y»)R^ -OC(Y')OR^ -OC(Y')(N(R=')(R'')), -SC(Y')R\ -SC(Y')0R\ 
-SC(Y')(N(R=')(R'')), -N(R'')C(Y^)R\ -N(R^)C(Y')0R\ or-N(R''X^(Y*)(N(R^)(R'')). 

R'" is -C(Y')R\ -C(Y')OR^ or -C(Y')(N(R'')(R'')). 

R is an alkyl of 1 to 18 carbon atoms, alkenyl of 2 to 18 carbon atoms, or alkynyl of 
2 to 18 carbon atoms. 

R is R'* wherein each R'* is substituted with 0 to 3 R^ groups. 

R * is independently alkylene of 1 to 18 carbon atoms, alkenylene of 2 to 18 carbon 
atoms, or alkynylene of 2-18 carbon atoms any one of which alkylene, alkenylene or 
alkynylene is substituted with 0-3 R^ groups. 

W^isW^orW^ 

is R^ "C(Y^)R^ -C(Y^)W^ -S02R^ or -SO^W^ 
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is carbocycle or heterocycle wherein is independently substituted with 0 to 3 

groups. 

W^"isW^"o^W^^ 

W^' is -C(Y^)R^\ -C(Y^)W^% -S02R^ or -S02W^\ 

5 W^^ is a multivalent substituted carbocycle or heterocycle wherein W^^ is 

independently substituted with 0 to 3 groups. 

is independently substituted with 1, 2, or 3 groups. 
M2is0, lor2; 

M12a is 1, 2, 3, 4. 5, 6, 7, 8, 9, 10, 11 or 12; and 
10 M12b is 0, 1, 2, 3, 4, 5, 6, 7. 8, 9, 10, 11 or 12. 

and W^^ carbocycles and and W^* heterocycles may be independently 
substituted with 0 to 3 R^ groups. may be a saturated, unsaturated or aromatic ring 
comprising a mono- or bicyclic carbocycle or heterocycle. may have 3 to 10 ring atoms, 
e.g., 3 to 7 ring atoms. The rings are saturated when containing 3 ring atoms, saturated or 
15 mono-unsaturated when containing 4 ring atoms, saturated, or mono- or di-unsaturated when 
containing 5 ring atoms, and saturated, mono- or di-unsaturated, or aromatic when containing 
6 ring atoms. 

A or W^* heterocycle may be a monocycle having 3 to 7 ring menabers (2 to 6 
carbon atoms and 1 to 3 heteroatoms selected from N, O, P, and S) or a bicycle having 7 to 

20 10 ring members (4 to 9 carbon atoms and 1 to 3 heteroatoms selected from N, O, P, and S). 

and W^^ heterocyclic monocycles may have 3 to 6 ring atoms (2 to 5 carbon atoms and 1 
to 2 heteroatoms selected from N, O, and S); or S or 6 ring atoms (3 to 5 carbon atoms and 1 
to 2 heteroatoms selected from N and S). and W^^ heterocyclic bicycles have 7 to 10 ring 
atoms (6 to 9 carbon atoms and 1 to 2 heteroatoms selected fromN, O, and S) arranged as a 

25 bicyclo [4,5], [5,5], [5,6], or [6,6] system; or 9 to 10 ring atonos (8 to 9 carbon atonos and 1 to 
2 hetero atoms selected from N and S) arranged as a bicyclo [5,6] or [6,6] system. The 
heterocycle may be bonded to through a carbon, nitrogen, sulfur or other atom by a stable 
covalent bond. 

and W^* heterocycles include for example, pyridyl, dihydropyridyl isomers, 
30 piperidine, pyridazinyl, pyrimidinyl, pyrazinyl, s-triazinyl, oxazolyl, imidazolyl, thiazolyl, 
isoxazolyl, pyrazolyl, isothiazolyU ftiranyl, thiofuranyl, thienyl, and pyrrolyL also 
includes, but is not limited to, exanq;>les such as: 
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O^, G,. CX. 

o^. ir^. iy. 

H 

{y> fY" 

, S-^ ,and 

and W^* carbocycles and heterocycles may be independently substituted with 0 to 
3 groups, as defined above. For exanaple, substituted carbocycles include: 



5 




Examples of substituted phenyl carbocycles include: 
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Embodiments of include: 




M12b 



and where one or more Y are a bond, such as: 
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Ml 2a 



where W * is a carbocycle or a heterocycle and W^^ is independently substituted with 
0 or 1 groups. 

Embodiments of also include: 



5a 




where n is an integer from 1 to 18. 

Enobodiments of A*^ include where M2 is 0, such as: 




M12b 



10 



and where M12b is 1, is oxygen, and is oxygen (O) or nitrogen (N(R^)) such as 
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An embodiment of includes: 




M12a 



where is O, N(R0 or S. For exaii5)le, may be H and n may be 1. 
Another embodiment of A^ includes: 




Ml 2b 

where is a carbocycle such as phenyl or substituted phenyl Such embodiments include: 




10 



^W^f^n 2d N^OR^ 
Rl R^ If 

O 

where Y^*^ is O or N(R*); M12d is 1, 2, 3, 4, 5, 6, 7 or 8; and the phenyl carbocycle is 
substituted with 0 to 3 groups. Such embodiments of A^ include phenyl phosphonamidate 
amino acid, e.g. alanate esters and phenyl phosphonate-lactate esters: 
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The cbiral carbon of the ainmo acid and lactate moieties may be either the R or S 
configuration or the racemic mixture. 

Embodiments of include esters, carbeimates, carbonates, thioesters, amides, 
thioamides, and urea groups: 





and 



M12a 



Embodiments of include where is W^, such as: 




M12a 

M12b 



Alternatively, A^ is phenyl, substituted phenyl, benzyl, substituted benzyl, pyridyl or 
substituted pyridyL 

Exemplary embodiments of Fonnula I compounds include, but are not limited to, 
structures: 
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wheare A denotes a covalent attachment site of a phosphonate group. 

Exemplary enibodiments of Formula n confounds include^ but are not limited to» 
structures: 




where A denotes a covalent attachment site of a phosphonate group. 

Exemplary embodiments of Formula HI compounds include, but are not limited to, 
structures: 
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where A denotes a covalent attachment site of a phosphonate group. 

Exemplary embodiments of Formula IV conq)ounds include, but are not limited to, 
stmctures: 




wh^e A denotes a covalent attachment site of a phosphonate groiq>. 

Exemplary embodiments of Formula V compounds include, but are not limited to, 
stmctures: 
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where A denotes a covalent attachment site of a phosphonate group. 

Exemplary embodiments of Formula VI compounds include, but are not limited to, 
structures: 
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OH 





OH 






A2 a2 o 

where denotes a covalent attachment site of a phosphonate group. 

Exenq>lary embodiments of Fonmila VII compounds include, but are not limited to. 



structures: 




OH A 



-a2 




OH fi? 




OH P? 




OH a2 



where denotes a covalent attachment site of a phosphonate group. 
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Exemplary embodiments of Fonnula Vnia conpounds include structures 



and 




Exemplary embodimBUts of Formula VUIb con^unds include structures: 






Yi 




1 



and Rxy^ Y^fP^ 



Exenqilary embodiments of Formula VIIIc con^>ounds include structures: 



10 




5 (Y^W « 

a5 s .A^ 



and 




Exemplary embodiments of Formula Vmd compounds include structures: 
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whore A denotes a covalent attachment site of a phosphonate group. 

5 A Cellular Accumulation Embodiment 

Another embodiment of the invention is directed toward an HTV protease inhibitor 
confound csqpable of accumulating in human PBMCs. Accumulation in human PBMCs is 
described in the examples herein. Typically, the coii5)Ounds of this embodiment further 
10 comprise a phosponate or phosphonate prodrug. More typically, the phosphonate or 
phosphonate prodrug has the structure A^ as described herein. Each of the preferred 
embodiments of A^ described herein is a preferred embodiment of A^ in the present 
embodiment. 

Optionally, the compounds of this embodiment demonstrate iniproved intracellular 
IS half-life of the compounds or intracellular metabolites of the compounds in human PBMCs 
when conqpared to analogs of the compounds not having the phosphonate or phosphonate 
prodrug. Typically, the half-life is improved by at least about 50%, more typically at least in 
the range 50-100%, still more typically at least about 100%, more typically yet greater than 
about 100%. 

20 In a preferred embodiment, the intracellular half-life of a metabolite of the conq)Ound 

in human PBMCs is improved when conq)ared to an analog of the compound not having the 
phosphonate or phosphonate prodrug. In such embodiments, the metabolite is typically 
generated intracellularly, more typically, it is generated within human PBMCs. StiU more 

ft 

typically, the metabolite is a product of the cleavage of a phosphonate prodrug within human 
25 PBMCs. More typically yet, the phosphonate prodrug is cleaved to form a metabolite having 
at least one negative charge at physiological pH. Most typically, the phosphonate prodrug is 
enzymatically cleaved within human PBMCs to form a phosphonate having at least one 
active hydrogen atom of the form P-OH. 
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Not withstanding other disclosure herein which describes the role or presents of 
phosphonates in the confounds of the invention, in another embodiment of the invention A 
is A^^ which is of the fommla: 




M12b 



In this embodiment of the invention, any A^ group may be A^^. 

•J 

In another aspect of the invention, A is of the formula: 




M12b 



10 M12a is other than 0 and at least one phosphonate group present in the compound is not 
bonded directly to W^. More typically, the phosphonate is not bonded directly to La 
such an embodiment, the phosphorous atom of the phosphonate is not bonded directly to a 
carbon atom of a ring. 

In another aspect of the invention an Amprenavir like phosphonate protease inhibitor, 

15 as described above in the description and below in the claims, contains an A group of the 
formula: 




2 



Ml 2b 



M12a is other than 0 and at least one phosphonate group present in the compound is not 
bonded directly to W^. More typically, the phosphonate is not bonded directly to W^. In 
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such an embodiment, the phosphorous atom of the phosphonate is not bonded directly to a 

carbon atom of a ring. 

One embodiment of Anq)renavir like phosphonate protease inhibitors as described 
above in the description and below in the claims excludes compounds of the formulas: 




Ml 2b 

10 M12a is 0 and at least one phosphonate group present in the compound is bonded directly to 
W^. More typically, the phosphonate is bonded directly to W^. hi such an embodiment, the 
phosphorous atom of the phosphonate is bonded directly to a carbon atom of a ring. 
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In another aspect of the invention an An^renavir like phosphonate protease inhibitor^ 
as described above in the description and below in the clainos, contains an group of the 
formula: 




Ml 2b 

S M12a is 0 and at least one phosphonate group present in the conopound is bonded directly to 
W^. More typically, the phosphonate is bonded directly to W^. In such an embodiment, the 
phosphorous atom of the phosphonate is bonded directly to a carbon atom of a ring. 

One en[ibodiment of Amprenavir like phosphonate protease inhibitors as described 
above in the descrq)tion and below in the claims is directed to confounds of the formulas: 
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20 



Exemplary Enumerated Compounds ^ 

By way of example and not limitation, embodiments of the invention are named 
below in tabular format (Table 100). These embodiments are of the general formula 'MBF': 

O 

Sc^ 



ii 



Pd 



MBF 



Each embodiment of MBF is depicted as a substituted nucleus (Sc) in which the nucleus is 

designated by a number and each substituent is designated in order by letter or nuniber. 

Tables 1.1 to 1.5 are a schedule of nuclei used in forming the embodiments of Table 100. 

Each nucleus (Sc) is given a number designation from Tables 1.1 to 1.5, and this designation 
10 appears &st in each embodiment name. Similarly, Tables 10.1 to 10.19 and 20.1 to 20.36 list 

the selected Unking groups (Lg) and prodrug (Pd^ and Pd^) substituents, again by letter or 

number designation, respectively. 

Accordingly, each named embodiment of Table 100 is depicted by a number 

designating the nucleus from Table 1.1-1.5, followed by a letter designating the linking groujp 
15 (Lg) from Table 10.1-10.19, and two numbers designating the two prodrug groups (Pd^ and 

Pd^) from Table 20.1-20.36. In graphical tabular form, each embodinoent of Table 100 

appears as a name having the syntax: 



Sc.Lg.Pd^Pd^ 

Thus, ignoring stereochenoistry, structure 10, Scheme 2, Scheme Section A, is represented by 
12j\H.247.247. 



- 37 - 



wo 03/090690 



PCTAJS03/12901 




12j\H247:Z47 

Each Sc group is shown having a tilda ("-"). The tilda is the point of covalent 
attachment of Sc to Lg. and of the linking groups (Lg), it should be understood, do not 
5 represent groups or atoms but are simply connectivity designations. is the site of the 
covalent bond to the nucleus (Sc) and is the site of the covalent bond to the phosphorous 
atom of fonnula MBR Each prodrug group (Pd^ and Pd^) are covalently bonded to the 
phosphorous atom of MBF at the tilda symbol Some embodiments of tables 10.1- 

10.19 and 20.1-20.36 may be designated as a combination of letters and numbers (Table 10.1- 

10 10. 19) or number and letter (Table 20. 1-20.36). For example there are Table 10 entries for 
BJl and BJ2. In any event, entries of Table 10.1-10.19 always begin with a letter and those 
of Table 20.1-20.36 always begin with a number. When a nucleus (Sc) is shown enclosed 
within square brackets ("□") and a covalent bond extends outside the brackets, the poiat of 
covalent attachment of Sc to Lg may be at any substitutable site on SC. Selection of the point 

15 of attachment is described herein. By way of example and not limitation, the point of 
attachment is selected from those depicted in the schemes and examples. 
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Table 10.4 



H AN 



Qi 



Qi 





H AO 



H 
AP 





H 



AR 





AT 



H AS 




AU 







R3 



R3 AY 



AX 
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Table 10,5 
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* 
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H CM 




H 

I 

N. 



CP 



H 
CR 
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H 





DH 
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Table 10.15 





r3 DW 







DY 

BP 
I 



EA 



EC 
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Table 10.18 




N 




ES ^3 




ER 





r3 EV 
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Table 10.19 



R3 
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Table 20.1 
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Table 20.2 




O 



11 
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Table 20.5 




O 

29 
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Table 20.6 




O 



33 
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Table 20,13 
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Table 2016 
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Table 20.18 




109 



- 80 - 



9 
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Table 20.21 




127 
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Table 20>22 
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Table 20.23 
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148 149 150 

''^ 

151 152 153 

''^^ ''"^o^^' 

154 155 156 

''-Nr-^' 

157 158 159 
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Table 20.28 




185 
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Table 20.29 



O O 




193 
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o 




202 

203 

O 

o 




207 



206 
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Table 100 



Prodrugs of 1.B 

l.B.228.228; l.B.228.229; l.B.228.230; l.B.228.231; 1.B.228J236; l.B.228.237; 



10 



15 



20 



25 



30 



35 



40 



l.B^.238 
l.B.228.175 

l.B^9^36, 
1.BJ229.169 
1.B230.230 
1.BJ230.157. 

l.B^1^8 
l.BJ231^9 
l.B^1^40 
l.B.236^37 
l.B.236.172 
l.B^7.231 
l.B.237.166 
l.B.238^9, 
l.B.238.154. 
l.B.238^44, 
l.B.239.238 
l.B.239.175 
1.B.154^ 
l.B.154.169 
l.B.157^30 
l.B.157.157 
l.B.166.228 

l.B.166.239 
l.B.166.240 

l.B.169.237 

l.B.169.172 
1.B.17Z231 
l.B.172-166 

l.B.175^9 
l.B.175.154 
l.B.175.244 
l.B.240.238 
l.B.240.175 
l.B.244.236 
l.B.244.169 



l.B.228.239; l.B.228.154, 
l.B.228^40; 1.B.228J244 
l.B^9.237; l.B.229.238, 
l.B.229.172; l.B.229.175 
1.B.230231; l.B.230.236, 
l.B.230.166; l.B.230.169 
l.B.231^9; l.B.231^30 
l.B^1.154; l.B.231.157, 
l.B^l.244; 1.B.236228, 
l.B.236.238; l.B.236.239, 
1.B^.175; l.B.236^40, 
1.BJ237.236; 1.B.237537, 
l.B.237.169; l.B.237.172 
l.B^^; l.B.238^1 
l.B.238.157; l.B.238.166 
l.B.239^; 13.239229, 
l.B^39^9; l.B.239.154 
l.B.239.240; l.B.239.244, 
l.B.154.237; 1.B.154238 
l.B.154.172; l.B.154.175, 
l.B.157.231; l.B.157.236. 
l.B.157.166; l.B.157.169, 
l.B.166.229; l.B.166.230 
l.B.166.154; l.B.166.157 
l.B.166.244; l.B.169.228 
l.B.169.238; l.B.169.239 
l.B.169.175; 1.B.169J240, 
1.B.17Z236; l.B.172.237, 
1.B.17Z169; l.B.172.172, 
l.B.175.230; 1.B.175231, 
l.B.175.157; l.B.175.166 
l.B^40.228; l.B^40229 
l.B.240.239; l.B.240.154, 
l.B.240.240; l.B^40:244 
l.B.244.237; l.B.244.238, 
l.B.244.172; l.B^44.175; 



l.B.228.157 
1.BJ229.228 
l.B.229.239 
1.6.229:240 
l.B.230.237: 

l.B.230.172 
l.B.231.231 
l.B.231.166 
l.B.236.229 
l.B.236.154 
1.6.236.244^ 
l.B.237.238 
l.B.237.175 
l.B.238.236 
l.B.238.169 
1.BJ239.23Q 
l.B.239.157, 
l.B.154.228 

l.B.154.239 
l.B.154.240 
l.B.157.237- 
l.B.157.172 
l.B.166.231 
l.B.166.166 
l.B.169.229 

l.B.169.154 
l.B.169.244 

l.B.172.238 
l.B.172.175 

l.B.175.236 

l.B.175.169 
l.B.240.230 
l.B.240.157' 
l.B.244.228, 
l.B.244.239 
1.BJ244J240 



l.B.228.166 
l.B.229.229 
l.B.229.154 
l.B.229.244 
l.B.230.238 
1.BJ230.175 
1.B231.236 
l.B.231.169 
l.B.236.230 
l.B.236.157, 
l.B.237.228 
l.B.237.239 
l.B. 237.240 
l.B.238.237, 
l.B.238.172 
1.BJ239.231 
l.B.239.166 
l.B.154.229 
l.B.154.154 
l.B.154.244 
l.B.157.238 
l.B.157.175 
l.B.166.236 
l.B.166.169 
l.B.169.230 

l.B.169.157 
l.B.172.228 
l.B.172.239 
l.B.17Z240! 
l.B.175.237, 
l.B.175.172 
1.BJ240.231 
l.B.240.166 
1.B2M229 
l.B.244.154 
1.B244.244 



l.B.228.169; l.B.228.172, 
l.B.229.230; l.B.229.231 
l.B.229.157; l.B.229.166 
1.B230.228; l.B.230.229 
l.B.230.239; l.B.230.154 
l.B.230.240; l.B.230.244 
l.B.231.237; l.B.231.238 
l.B.231.172; 1:B.231.175 
l.B.236.231; l.B.236.236 
l.B.236.166; l.B.236.169 
l.B.237.229; l.B.237.230, 
l.B.237.154; l.B;237.157i 
l.B.237.244; l.B.238.228 
l.B.238.238; l.B.238.239 
l.B.238.175; l.B.238.240 
l.B.239.236; 1.BJ239.237 
l.B.239.169; l.B.239.172 
l.B.154.230; l.B.154.231 
l.B.154.157; l.B.154.166, 
l.B.157.228; l.B.157.229 
l.B.157.239; l.B.157.154, 
l.B.157.240; l.B.157.244 
l.B.166.237; l.B.166.238, 
l.B.166.172; l.B.166.175 
l.B.169.231; l.B.169.236 
l.B.169.166; l.B.169.169 
l.B.172.229; l.B.172.230, 
l.B.172.154; l.B.172.157, 
l.B.172.244; 1.B.175228 
l.B.175.238; l.B.175.239 
l.B.175.175; l.B.175.240, 
l.B.240.236; l.B.240.237, 
l.B.240.169; l.B.240.172 
l.B.244.230; l.B.244.231 
l.B.244.157; l.B.244.166; 



45 



Prodrugs of l.D 

1.DJ228.228; l.D.228.229; 1.DJ228.230; l.D.228.231; l.D.228.236; l.D.228.237; 
l.D.228.238; l.D.228.239; l.D.228.154; l.D.228.157; l.D.228.166; l.D.228.169; 
l.D.228.172; l.D.228.175; l.D.228.240; l.D.228.244; l.D.229.228; l.D.229.229; 
l.D.229.230; l.D.229.231; 1.DJ229.236; l.D.229.237; 1.D.229238; 1.DJ229.239; 
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10 



15 



20 



25 



30 



35 



40 



l.D.229.154; 
l.D.229.240; 
l.DJ230^6; 
l.D.230.166; 
1.D.231^; 
l.D.231.238; 
1.D.231.1Z2; 
l.D.236^0; 
l.D.236.154; 
l.D.236^40; 
l.iD.237.236; 
l.D.237.166; 
l.D.238^8; 
l.D.238.238; 
l.D.238.172; 
1:D.239.230; 
l.D.239.154; 
l.D^9^40; 
l.D.154.236; 
l.D.154.166; 
l.D.157^8; 
l.D.157.238; 
l.D.157.172; 
l.D.166.230; 
l.D.166.154; 
l.D.166^40; 
l.D.169.236; 
l.D.169.166; 
1.D.172228; 
l.D.172^38; 
l.D.172.172; 
l.D.175.230; 
LD.175.154; 
l.D.175i40; 
1.D240.236; 
1.D:Z40.166; 
l.D^44.228; 
l.D.244.238; 
1.D.244.172; 



1.D^.157; 
l.D.229^44; 
l.D^^7; 
l.D.230.169; 
1.D^1J229; 
l.D^l.239; 
l.D^1.175; 
1.D^.231; 
1.D.236.157; 
l.D^J244; 
l.D.237:237; 
l.D.237.169; 

l.D.238^9; 
1.D^.175; 
l.D^9.231; 
l.D.239.157; 
1.DJ239J244; 
l.D.154.237; 
l.D.154.169; 
l.D.157.229; 
l.D.157.239; 
l.D.157.175; 
l.D.166.231; 
l.D.166.157; 
l.D.166.244; 
l.D. 169.237; 
l.D.169.169; 
1.D.17Z229; 
l.D.172.239; 
1.D.17Z175; 
l.D.175.231; 
l.D.175.157; 
l.D.i75.244; 
l.D.240.237; 
1.D:240.169; 
l.D.244.229; 
1.D.244J239; 
l.D.244.175; 



l.D.229.166; 
l.D.230.228; 
l.D.230^; 
l.D.230.172; 
1.0:231.230; 
l.D.231.154; 
1.D.231J240; 
1.D.236J236; 
l.D.236.166; 
l.D.237.228; 
l.D.237.238; 
l.D.237.172; 
l.D.238.230; 
l.D.238.154; 
1.D.238J240; 
l.D.239.236; 
l.D.239.166; 
1.D.154J228; 
l.D.154.238; 
l.D.154.172; 
l.D.157.230; 
l.D.157.154; 
l.D.157.240; 
I.D. 166.236; 
l.D.166.166; 
l.D.169.228; 
l.D.169.238; 
l.D.169.172; 
l.D.172.230; 
l.D.172.154; 
l.D.172.240; 
l.D.175.236; 
l.D.175.166; 
l.D.240.228; 
l.D.240.238; 
l.D.240.172; 
l.D.244.230; 
l.D.244.154; 
l.D.244.240; 



l.D.229.169 
l.D.230.229 

l.D.230.239 
1.D.23D.175 

l.D.231.231 

l.D.231.157 

l.D.231.244 

l.D.236.237 

l.D.236.169 
l.D.237.229 

l.D.237.239 
l.D.237.175 
l.D.238.231 
l.D.238.157, 
l.DJ238.244i 
1.D.239J237; 
l.D.239.169 
l.D.154.229 
l.D. 154.239 
l.D.154.175, 
l.D.157.231 
l.D.157.157 
l.D.157.244, 
l.D.166.237 
l.D.166.169 
1.D.169J229 
l.D.169.239 
l.D.169.175, 
l.D.172.231 
l.D.172.157 
l.D.172.244, 
l.D.175.237 
l.D.175.169, 
1.D240.229 
l.D.240.239 
l.D.240.175 
l.D.244.231 
l.D.244.157 
1.DJ244.244 



l.D.229.172; 
l.D.230.230; 
l.D.230.15i; 
1.D230.240; 
l.D.231.236; 
1.D231.166; 
l.D.236.228; 
l.D.236.238; 
1.D236.172; 
1.D.237J230; 
l.D.237.154; 
1.D237.240; 
l.D.238.236; 
l.D.238.166; 
1.D.239J228; 
l.D.239.238; 
l.D.239.172; 
l.D.154.230; 
l.D.154.154; 
l.D.154.240; 
l.D.157.236; 
l.D.157.166; 
l.D.166.228; 
l.D.166.238; 
l.D.166.172; 
l.D.169.230; 
l.D.169.154; 
l.D.169.240; 
l.D.172.236; 
l.D.172.166; 
l.D.175.228; 
1.D.175238; 
l.D.175.172; 
l.b.240.230; 
l.D.240.154; 
l.D.240.240; 
l.D.244.236; 
1.DJ244.166; 



l.D.229.175; 
l.D.230.231; 
l.D.230.157; 
l.D.230.244; 
1.D.231237; 
l.D.231.169; 
l.D.236.229; 
1.DJ236.239; 
l.D.236.175; 
l.D.237.231; 
l.D.237.157; 
l.D.237.244; 
l.D.238.237; 
l.D.238.169; 
l.D.239.229; 
l.D.239.239; 
l.D.239.175; 
l.D.154.231; 
l.D.154.157; 
l.D.154.244; 
1.D.157J237; 
l.D.157.169; 
1.D.166J229; 
l.D.166.239; 
l.D.166.175; 
l.D.169.231; 
l.D.169.157; 

l.D.169.244; 
l.D.172.237; 
l.D.172.169; 
l.D.175.229; 
l.D.175.239; 
l.D.175.175; 
l.D.240.231; 
l.D.240.157; 
l.D.240.244; 

l.D.244.237; 
1.DJ244.169; 
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Prodrugs of 1.E 

l.E.228.228; l.E.228.229; l.E.228.230; l.E.228.231; l.B.228.236; l.E.228.237; 
l.E.228.238; l.E.228.239; l.E.228.154; l.E.228.157; l.E.228.166; l.E.228.169; l.E.228.172; 
l.E.228.175; lJEJ22a240; l.E.228.244; l.E.229.228; l.E.229.229; l.E.229.230; l.E.229.231; 
l.E.229.236; l.E.229.237; l.E.229.238; l.E.229.239; IJE.229.154; l.E.229.157; l.E.229.166; 
l.E.229.169; 1S.229.V72; l.E.229.175; 1^.229.240; 1JEJ229.244; l.E.230.228; l.E.230.229; 
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10 



15 



20 



25 



30 



35 



40 



1.E^.230; 
1.E230.157; 
l.E^l^; 
l.E.231.239; 
1^.231^40; 
l.E.236^7; 
1^236.172; 
l.E^7^1; 
l.E.237.166; 
1^238^; 
l.E.238.154; 
l.E.238.244; 
l.E^9.238; 
l.E.239.175; 
1.E.154236; 
l.E.154.169; 
1^.157.230; 
l.E.157.157; 
l.E.166.228; 
l.E.166.239; 
l.E.166.240; 
l.E.169.237; 
l.E.169.172; 
l.E.172.231; 
l.E.172.166; 
l.E.175.229; 
l.E.175.154; 
i.E.175.244; 
l.E.240.238; 
l.E.240.175; 
l.E.244.236; 
l.E.244.169; 



l.E.230.231; 
l.E.230.166; 
1.E231.229; 
l.E.23il.l54; 
1.E231J244; 
1JE.236238; 
l.E.236.175; 
1JE237.236; 
l.E.237.169; 

l.E.238.230; 
l.E.238.157; 
l.E.239.228; 
l.E.239.239; 
l.E.239.240; 
1JE.154237; 
IJE.154.172; 
l.E.157.231; 
l.E.157.166; 
l.E.166.229; 
l.E.166.154; 
l.E.166.244; 
l.E.169.238; 
IJE.169.175; 
l.E.172.236; 
l.E.172.169; 
l.E.175.230; 
l.E.175.157; 
1.EJ240.228; 
l.E.240.239; 
l.E.240.240; 
l.E.244.237; 
1.E.244172; 



1.E.230236; 
l.E.230.169; 
l.E.231.230; 
l.E.231.157; 
1^.236.228; 
l.E.236.239; 
l.E.236.240; 
l.E.237.237; 
l.E.237.172; 
13.238.231; 
l.E.238.166; 
l.E.239.229; 
l.E.239.154; 
l.E.239.244; 
l.E.154.238; 
l.E.154.175; 
l.E.157.236; 
l.E.157.169; 
I.E. 166.230; 
l.E.166.157; 
l.E.169.228; 
IJE.169.239; 
l.E.169.240; 
l.E.172.237; 
l.E.172.172; 
l.E.175.231; 
l.E.175.166; 
l.E.240.229; 
l.E.240.154; 
l.E.240.244; 
l.E.244.238; 
13.244.175; 



13.230.237; 
13.230.172; 
13.231.231; 
l.E.231.166; 
13.236.229; 
13.236.154; 
l.E.236.244; 
13.237.238; 
l.E.237.175; 
13.238.236; 
l.E.238.169; 
1.E.239J230; 
l.E.239.157; 
l.E.154.228; 
1.E.154J239; 
l.E.154.240; 
13.157.237; 
13.157.172; 
l.E.166.231; 
13.166.166; 
13.169.229; 
l.E.169.154; 
13.169244; 
l.E.172.238; 
l.E.172.175; 
13.175.236; 
l.E.175.169; 
13.240.230; 
l.E.240.157; 
l.E.244.228; 
13.244.239; 
13.244.240; 



13.230.238; 
13.230.175; 
13.231J236; 
13.231.169; 
13.236.230; 
l.E.236.157; 
l.E.237.228; 
13.237.239; 
l.E.237.240; 
13.238.237; 
l.E.238.172; 
l.E.239.231; 
13.239.166; 
l.E.154.229; 

l.E.157.238; 
13.157.175; 
l.E.166.236; 
13.166.169; 
13.169.230; 
I.E. 169.157; 
1^.172.228; 
l.E.172.239; 
l.E.172.240; 
1M.175237; 
l.E.175.172; 
13J240J231; 
l.E.240.166; 
l.E.244.229; 
X •£ •2A^9 X54/ 
13.244.244; 



13.230.239; 
l.E.230.240; 
13.231.237; 
l.E.231.172; 
13.236.231; 
13.236.166; 
l.E.237.229; 
13.237.154; 
13.237.244; 
l.E.238.238; 
l.E.238.175; 
l.E.239.236; 
1.E239.169; 
l.E.154.230; 
l.E.154.157; 
1.E.157J228; 
l.E.157.239; 
l.E.157.240; 
l.E.166.237; 
l.E.166.172; 
l.E.169.231; 
l.E.169.166; 
13.172.229; 
l.E.172.154; 
13.172.244; 
l.E.175.238; 
l.E.175.175; 
13J240J236; 
l.E.240.169; 
l.E.244.230; 
1.E244.157; 



13.230.154 
l.E.230.244 
13.231.238 

13.231.175 
13.236.236 
l.E.236.169 
13.237.230 
l.E.237.157 

l.E.238.228 
13.238.239 

1.EJ238.240 
l.E.239.237 
13.239.172 
1.E.154J231 
l.E.154.166 

l.E.157.229 
l.E.157.154 
l.E.157.244 
13.166.238 
l.E.166.175 

l.E.169.236 
IJE.169.169 
l.E.172.230, 
l.E.172.157 
l.E.175.228 

l.E.175.239 
l.E.175.240 

1.EJ140.237 
l.E.240.172 
l.E.244.231 
l.E.244.166 



Prodrugs of l.G 

l.G.228.228; l.G.228.229; l.G.228.230; l.G.228.231; l.G.228.236; l.G.228.237; 
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l.G.228.238; l.G.228.239; l.G.228.154; l.G.228.157 
l.G.228.172; l.G.228.175; l.G.228.240; l.G.228.244 
l.G.229.230; l.G.229.231; l.G.229.236; 1.GJ229.237 
l.G.229.154; l.G.229.157; l.G.229.166; l.G.229.169, 
l.G.229.240; l.G.229.244; l.G.230.228; l.G.230.229, 
l.G.230.236; l.G.230.237; l.G.230.238; l.G.230.239 
1.GJ230.166; l.G.230.169; l.G.230.172; l.G.230.175 
l.G.231.228; 1.GJ231229; 1.GJ231.230; l.G.231.231 
1.G231.238; l.G.231.239; l.G.231.154; l.G.231.157 
l.G.231.172; l.G.231.175; l.G.231.240; l.G.231.244 
l.G.236.230; 1.GJ236.231; 1.G.236J236; l.G.236.237; 



l.G.228.166; l.G.228.169; 
l.G.229.228; l.G.229.229; 
1.G.229J238; l.G.229.239; 
l.G.229.172; 1.GJ229.175; 
l.G.230.230; l.G.230.231; 
l.G.230.154; l.G.230.157; 
l.G.230.240; l.G.230.244; 
l.G.231.236; l.G.231.237; 
l.G.231.166; l.G.231.169; 
l.G.236.228; l.G.236.229; 
l.G.236.238; l.G.236.239; 
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1.G^.154; l.G.236.157; l.G.236.166; 1.G^.169; l.G.236.172; l.G^6.175; 

l.G.236.240; l.G.236.244; l.G.237.228; l.G.237^; l.G.237.230; l.G^7.231; 

l.G.237.236; l.G.237.237; l.G.237^8; 1.G.237239; l.G^37.154; l.G.237.157; 

l.G.237.166; l.G.237.169; l.G.237.172; l.G^7.175; l.G.237^40; l.G^7.244; 
5 l.G.238.228; l.G.238.229; l.G.238^0; 1.G238.231; l.G.238.236; l.G.238.237; 

l.G.238.i238; i.G.238.239; l.G.238.154; l.G^38.157; l.G.238.166; 1.G^.169; 

l.G.238.172; l.G^38.175; l.G^8.240; l.G.238.244; l.G.239.228; l.G.239.229; 

l.G.239.230; l.G.239^1; l.GJ239^6; 1.G.239237; l.G.239.238; l.G.239.239; 

l.G.239.154; l.G.239.157; l.G.239.166; l.G^9.169; l.G.239.172; l.G.239.175; 
10 l.G.239.240; l.G.239^44; l.G.154.228; l.G.154.229; l.G.154.230; l.G.154^1; 

l.G.154^6; 1.G.154237; l.G.154.238; l.G.154.239; l.G.154.154; l.G.154.157; 

l.G.154.166; l.G.154.169; l.G.154.172; l.G.154.175; l.G.154.240; l.G.154.244; 

1.G.157^; l.G.157^9; l.G.157.230; l.G.157.231; l.G.157.236; l.G.157^37; 

l.G.157.238; l.G.157.239; l.G.157.154; l.G.157.157; l.G.157.166; l.G.157.169; 
15 l.G.157.172; l.G.157.175; l.G.157.240; 1.G.157244; l.G.166.228; l.G.166.229; 

l.G.166.230; l.G.166^1; l.G.166.236; 1.G.166237; l.G.166.238; l.G.166.239; 

l.G.166.154; l.G.166.157; l.G.166.166; l.G.166.169; l.G.166.172; l.G.166.175; 

l.G.166.240; l.G.166.244; l.G.169.228; l.G.169.229; l.G.169.230; l.G.169.231; 

l.G.169.236; l.G.169.237; 1.G.169J238; l.G.169m l.G.169.154; l.G.169.157; 
20 l.G.169.166; l.G.169.169; l.G.169-172; l.G.169.175; l.G.169.240; l.G.169.244; 

l.G.172.228; l.G.172.229; l.G.172.230; 1.G.172231; 1.G.17Z236; l.G.172.237; 

l.G.172.238; l.G.172.239; l.G.172.154; l.G.172.157; l.G.172.166; l.G.172.169; 

l.G.172.172; 1.G.17Z175; 1.G.17Z240; l.G.172.244; l.G.175.228; l.G.175-229; 

l.G.175.230; l.G.175.231; l.G.175.236; 1.G.175237; l.G.175.238; l.G.175.239; 
25 l.G.175.154; l.G.175.157; l.G.175.166; l.G.175.169; l.G.175:172; l.G.175.175; 

l.G.175^40; l.G.175^44; l.G^40.228; l.G^40229; l.G.240.230; l.G.240.231; 

l.G^40.236; l.G.240^7; l.G.240^38; l.G.240.239; l.G^40.154; l.G.240.157; 

1.G:240.166; l.G.240.169; l.G.240.172; l.G.240.175; l.G.240^40; l.G.240.244; 

l.G.244^8; l.G^44.229; l.G.244.230; l.G.244^1; l.G^44^6; l.G.244^7; 
30 l.G.244.238; l.G.244.239; l.G.244.154; l.G.244.157; l.G.244.166; l.G.244.169; 

l.G^44.172; l.G.244.175; l.G.244.240; l.G.244^44; 

Prodrugs of .1.1 

l.L228^; 1.1^^9; 1X228^; li228J231; 1.1.228.236; 11228.237; 1.L228.238; 
35 1.1.228.239; 1.1.228.154; 1.1.228.157; 1.1.228.166; 1.L228.169; 11228.172; 11228.175; 
1.1.228.240; 1X228.244; 1X229228; 1.1.229.229; 1X229.230; 1.I.229J231; 1.1.229.236; 
1.1.229.237; 1.1.229.238; l.L229m 1X229.154; 1.1.229.157; 1X229.166; 1X229.169; 

I. 1.229.172; 1X229.175; 1X229.240; 1.1.229.244; 1.1.230.228; 1.1.230.229; 1.1.230.230; 
1X230.231; 11.230.236; 1X230237; 1X230238; 1X230239; 1.L230.154; 1.1230.157; 

40 1.1.230.166; 1X230.169; 1.1.230.172; 1.1.230.175; 1X230.240; 1X230.244; 11231228; 
11231229; 1X231230; 1.1.231.231; 1.1231.236; 1X231.237; 1.L231.238; 1.1231.239; 

II. 231.154; 11231.157; 1X231.166; 1.1.231.169; 11231.172; 1X231.175; 11231240; 

I. 1.231.244; 1.L236.228; 1.L236.229; 1.1236.230; 1.L236.231; 1.L236236; 1X236.237; 
1X236238; 1X236239; 11236.154; 11236.157; 1X236.166; 1.L236.169; 1.1.236.172; 

45 1X236.175; 1.L236.240; 1.1.236.244; 11237228; 1.L237229; 1X237230; 1X237.231; 

II. 237.236; 1X237237; 1X237.238; 11237239; 1X237.154; 1.L237.157; 1.L237.166; 
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1J^7.169; 1X237.172; 1.1.237.175; 1.1.237.240; 1X237.244; 1.L238.228; IJ.238.229; 

1X238.230; 1X238.231; 1.1.238236; 1J^8.237; 1X238.238; 1.L238.239; 1X238.154; 

1.1.238.157; 1X238.166; 1X238.169; 1.1.238.172; 1X238.175; 1X238.240; 1X238.244; 

1X239.228; 1X239229; 1X239230; 1.1.239231; 1X239.236; 1X239.237; 1J239.238; 
5 1.1239239; 1X239.154; 1.L239.157; 1.1.239.166; 1.1.239.169; 1.1.239.172; 1.1.239.175; 

1.1239240; 1 J239244; 1X154228; 1X154229; 1.L154.230; 1X154.231; 1X154.236; 

1.L154237; 1X154.238; 1X154.239; 1X154154; 1X154.157; 1.L154.166; 1X154.169; 

1X154.172; 1X154.175; 1X154240; 1.1.154244; 1X157.228; 1X157.229; 1X157.230; 

1X157.231; 1X157.236; 1.L157.237; 1.1.157.238; 1X157.239; 1.L157.154; 1X157.157; 
10 1X157.166; 1X157.169; 1X157.172; 1.1.157.175; 1X157.240; 1.L157.244; 1X166.228; 

1.1.166.229; 1X166.230; 1X166.231; 1.1.166.236; 1.1.166.237; 1X166.238; 1.1.166.239; 

1X166.154; 1X166.157; 1.L166.166; 1.L166.169; 1.L166.172; 1.L166.175; 1.X166.240; 

1X166.244; 1X169.228; 1X169.229; 1.1.169.230; 1X169231; 1X169.236; 1X169.237; 

1X169238; 1X169239; 1.L169.154; 1.1.169.157; 1.L169.166; 1.L169.169; 1.L169.172; 
15 1.1.169.175; 1.1.169.240; 1X169.244; 1.1.172.228; 1X172.229; 1X172230; 1.1.172.231; 

1X172.236; 1.L172237; 1X172238; 1.1.172239; 1X172.154; 1.L172-157; 1.L172.166; 

1.1.172.169; 1X172.172; 1X172.175; 1.1.172.240; 1X172244; 1X175.228; 1.1.175.229; 

1X175230; 1X175231; 1X175236; 1.1.175237; 1.L175238; 1.1.175.239; 1.1.175.154; 

1.1.175.157; 1X175.166; 1X175.169; 1.L175.172; 1.L175.175; 1.L175240; 1.1.175.244; 
20 1X240228; 1.L240229; 1.1240230; 1.1240231; 1X240.236; 1X240.237; 1.1.240.238; 

1.1.240.239; 1.L240.154; 1X240.157; 1.1.240,166; 1X240.169; 1.1240.172; 1.1240,175; 

1.1.240240; 1X240244; 1.1244.228; 1.1.244229; 1.L244.230; 1.1.244231; 1.1.244.236; 

1.1.244.237; 1.L244.238; 1.1244239; 1X244154; 1.L244.157; 1X244.166; 1.1244.169; 

1X244172; 1X244.175; 1.L244.240; 1.1.244244; 

25 

Prodrugs of l.T 

1.J.228228; 1J228229; l.J.228.230; 1.J228.231; 1.J228.236; 1.J228237; 1.J228.238; 

l.J.228.239; 1.1.228.154; l.J.228.157; l.J.228.166; l.J.228.169; l.J.228.172; l.J.228.175; 

1.J.228240; l.J.228.244; l.J.229.228; 1.J229229; 1.J229230; 1.J229231; l.J.229.236; 
30 l.J.229.237; 1.J229.238; l.J.229.239; 1.J229.154; l.J.229.157; l.J.229.166; l.J.229.169; 

l.J.229.172; 1.J229.175; l.J.229.240; 1.J229244; 1.J230.228; 1.J230229; 1.J230.230; 

l.J.230.231; l.J.230.236; l.J.230.237; l.J.230.238; l.J.230.239; l.J.230.154; l.J.230.157; 

1.J230.166; 1.J230:169; l.j230.172; 1.J230.175; 1.J230240; 1.J230.244; 1.J231228; 

I.J.231.229; 1.J231.230; 1.J.231231; l.J.231.236; l.J.231.237; 1.J.231238; 1.J.231239; 
35 l.J.231.154; l.J.231.157; l.J.231.166; l.J.231.169; 1.J231.172; l.J.231.175; l.J.231.240; 

l.J.231.244; 1.J236.228; 1.J.236229; 1.J.236230; 1.J.236231; l.J.236.236; l.J.236.237; 

1.J236238; 1.J.236239; 1.J236.154; l.J.236.157; l.J.236.166; l.J.236.169; l.J.236.172; 

l.J.236.175; 1.J.236240; 1.J236244; l.J.237.228; l.J.237.229; l.J.237.230; 1.J.237231; 

1.J.237236; l.J.237.237; l.J.237.238; l.J.237.239; l.J.237.154; l.J.237.157; l.J.237.166; 
40 l.J.237.169; l.J.237.172; l.J.237.175; 1.J237.240; 1.J.237244; 1.J238.228; 1.J.238229; 

l.J.238.230; l.J.238.231; l.J.238.236; l.J.238.237; 1.J.238238; l.J.238.239; l.J.238.154; 

l.J.238.157; l.J.238.166; 1.J238.169; 1.J238.172; 1.J238.175; 1.J238.240; l.J.238.244; 

1.J.239228; l.J.239.229; l.J.239.230; l.J.239.231; l.J.239.236; l.J.239.237; l.J.239.238; 

1.J.239239; l.J.239.154; 1.J239.157; 1.J239.166; 1.J239.169; l.J.239.172; l.J.239.175; 
45 1.J.239240; 1.J239244; l.J.154.228; l.J.154.229; 1.J.154230; 1.J.154231; l.J.154.236; 

1.J.154237; 1.J.154238; 1.J.154239; 1.J.154154; l.J.154.157; 1.J.154166; l.J.154.169; 
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25 
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1.J.154172; 
l.J.157^1; 
l.J.157.166; 
1.1166229; 
l.J.166.154; 
lj.166^44; 
l.J.169.238; 
l.J.169.175; 
lj.172.236; 
l.J.172.169; 
1.J.175^; 
l.J.175.157; 
1.JJ140.22B; 
l.J.240.239; 
l.J^40^40; 
1.J2M237; 
1.1^44.172; 



l.J.154.175; 
l.J.157.236 
l.J.157.169, 
l.J.166.230, 
l.J.166.157, 
l.J.169.228 

l.J.169.239 
l.J.169.240 

l.J.172.237 
l.J.172.172, 
l.J.175.231 
l.J.175.166 
1.JJ240.229 
l.J.240.154 
l.J.240.244, 
l.J.244.238 
l.J.244.175; 



l.J.154.240; 
1.J.157237; 
l.J.157.172; 
1.J.166231; 
l.J.166.166; 
l.J.169.229; 
l.J.169.154; 
l.J.169.244; 
lj.172.238; 
l.J.172.175; 
l.J.175.236; 
l.J.175.169; 
1.J.240230; 
l.J.240.157; 
l.J.244.228; 
1.J.244239; 
l.J.244.240; 



l.J.154.244; 
l.J.157.238; 
l.J.157.175; 
1.J.166236; 
l.J.166.169; 
l.J.169.230; 
l.J.169.157; 
l.J.172.228; 
l.J.172.259; 
1.J.172240; 
l.J.175.237; 
l.J.175.172; 
l.J.240.231; 
l.J.240.166; 
1.JJ244.229; 



l.J.157.228; l.j 
l.J.157.239; 1.] 
l.J.157.240; l.j 
l.J.166.237; 1.] 
l.J.166.172; 1.] 
l.J.169.231; 1.] 
l.J.169.166; 1.] 
l.J.172.229; 1.] 
l.J.172.154; 1.] 

l.J.172.244; 1.] 
l.J.175.238; 1.] 
l.J.175.175; 1.] 
l.J.240.236; 1.] 
l.J.240.169; 1.] 
l.J.244.230; 1.] 



.157.229; 
.157.154; 
.157J244; 
.166.238; 
.166.175; 
.169.236; 
.169.169; 
.172.230; 
.172.157; 
.175J228; 
.175.239; 
.175.240; 
.240.237; 
.240.172; 
.244.231; 
.244.166; 



l.J.157.230, 
l.J.157.157, 
l.J.166.228 
l.J.166.239 
l.J.166.240 
l.J.169^7i 
l.J.169.172, 
l.J.172.231 

l.J.172.166 
l.J.175.229, 
l.J.175.154, 
l.J.175.244, 
l.J.240.238 
l.J.240.175 

l.J.244.236 
l.J.244.169 



Prodrugs of l.L 

l.L.228.228; l.L.228.229; l.L.228.230; l.L.228.231; l.L.228.236; l.L.228.237; 



45 



1.L.228J238; l.L.228.239 
l.L.228.175; l.L.228.240 
l.L.229.236; l.L.229.237 
l.L.229.169; l.L.229.172 
l.L.230.230; l.L.230.231 
1.LJ230.157; 1.LJ230.166 
l.L.231.228; l.L.231.229 
l.L.231.239; l.L.231.154 
l.L.231.240; l.L.231.244 
l.L.236.237; l.L.236.238 
1.LJ236.172; l.L.236.175 
l.L.237.231; l.L.237.236 
l.L.237.166; 1.LJ237.169 
l.L.238:229; l.L.238.230 
l.L.238.154; l.L.238.157 
1.L.238J244; l.L.239.228 
l.L.239.238; l.L.239.239 
l.L.239.175; l.L.239.240 

l.L.154.236; l.L.154.237 
l.L.154.169; l.L.154.172 
l.L.157.230; l.L.157.231 
l.L.157.157; l.L.157.166 
l.L.166.228; l.L.166.229 
l.L.166.239; l.L.166.154 
l.L.166.240; l.L.166.244 
1.L.169J237; l.L.169.238 



l.L.228.154 
l.L.228.244 
l.L.229.238 
l.L.229.175 
1.LJ230.236 
1.LJ230.169 
1.L.231J230 

l.L.231.157 
l.L.236.228 
l.L.236.239 
l.L.236.240! 

l.L.237.237 
1;L.237.172 

l.L.238.231 

l.L.238.166 
l.L.239.229 
l.L.239.154^ 
l.L.239.244 
l.L.154.238 
l.L.154.175 
l.L.157.236 

l.L.157.169 

l.L.166.230 

l.L.166.157 

l.L.169.228 
l.L.169.239 



l.L.228.157; l.L.228.166 
l.L.229.228; l.L.229.229 
l.L.229.239; l.LJ229.154^ 
l.L.229.240; l.L.229.244 
l.L.230.237; l.L.230.238 
1.LJ230.172; 1.LJ230.175 
l.L.231.231; l.L.231.236 
l.L.231.166; 1.LJ231.169 
l.L.236.229; l.L.236.230 
l.L.236.154; l.L.236.157 
l.L.236.244; l.L.237.228 
l.L.237.238; l.L.237.239 
l.L.237.175; l.L.237.240 
l.L.238.23i6; l.L.238.237 
l.L.238.169; l.L.238.172 
1.LJ239J230; l.L.239.231 
l.L.239.157; l.L.239.166 
l.L.154.228; l.L.154.229 
l.L.154.239; l.L.154.154^ 
l.L.154.240; l.L.154.244, 
l.L.157.237; l.L.157.238 
1.L.157.172J l.L.157.175 
l.L.166.231; l.L.166.236 
l.L.166.166; l.L.166.169 
l.L.169.229; l.L.169.2i30 
l.L.169.154; l.L.169.157 



1.L228.169 
l.L.229.230 

1.L229.157 
l.L.230.228 

l.L.230.239 

1.LJ230.240 

l.L.231.237 

l.L.231.172 

l.L.236.231 

l.L.236.166 

l.L.237.229 
l.L.237.154^ 
l.L.237.244; 
l.L.238.238 
l.L.238.175 
l.L.239^6, 

l.L.239.169 
l.L.154.230 

1,L.154.157 

l.L.157.228, 

l.L.157.239 
l.L.157.240 
l.L.166.237 
l.L.166.172 
l.L.169.231 



l.L.228.172 
l.L.229.231 
l.L.229.166, 

l.L.230.229 
l.L.230.154 
l.L.230.244, 
l.L.231.238 
l.L.231.175 
l.L.236.236, 

l.L.236.169 
l.L.237.230. 

l.L.237.157 
l.L.238.228 
l.L.238.239 
l.L.238.240 
l.L.239.237i 
l.L.239.172 
l.L.154.231 
l.L.154.166 
l.L.157.229 
l.L.157.154 
l.L.157.244 

l.L.166.238 
l.L.166.175 
l.L.169.236 



l.L.169.166; l.L.169.169; 
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l.L.169.172; 
l.L.172.231; 
l.L.172.166; 
1.L.175229; 
l.L.175.154; 
l.L.175.244; 
1.L240.238; 
1.LJL40.175; 
1.LJ244.236; 
l.L.244.169; 



l.L.169.175 
l.L.172^6 

l.L.172.169 
l.L.175.230 
l.L.175.157, 
1.IJ240.228, 

l.L.240.239 
l.L.240.240, 

l.L.244^37 
l.L.244.172 



l.L.169^40 

l.L.172.237 
l.L.172.172 
l.L.175.231 
l.L.175.166, 
l.L.240.229, 
l.L.240.154, 
1.L:240.244, 
l.L.244.238. 
1X^44.175; 



l.L.169^44; 
l.L.172^38; 
l.L.172.175; 

l.L.175^6. 

l.L.175.169 
1X^40.230 
IX.240.157 
IX.244.728 
IX.244^9 
1X^44^40; 



IX.172^8; 
IX.172.239; 
IX.172.240; 
IX.175^7; 
IX.175.172; 
1X^40231; 
IX.240.166; 
1X^44.229; 

1X^44.244; 



1X.172:229; 
IX.172.154; 
IX.172^44; 
IX.175^8; 
IX.175.175; 
1X240^; 
IX.240.169; 
IX.244^; 
IX.244.157; 



1X172^; 
IX.172.157; 
1X175^; 
1X175^9; 
IX.175^40; 
l.X240^7; 
IX.240.172; 
1X^44^231; 
1X^44.166; 



Prodrugs of l.O 

1.0^228; 1.0228^; 1.O.228230; 1.0:228^1; 1.0^^6; 1.0.228^7; 



45 



1.0.228.238 
1.0.228.172, 
l.b^.230 
1.0.229.154, 
1.OJ229.240, 
1.O.230.236 
1.O.230.166, 
1.0J231J228, 

1.0J231.238 
1.0^1.172, 

1.0.236.154, 
1.0^.240, 
1.0.237^36 
1.0.237.166. 
1.0.238.228 

1.0.238.238 
1.0^.172, 
1.O.239.230, 
1.0.239.154 
1.OJ239.240 
1.0.154.236, 
1.0.154.166, 
1.0.157.228 

l.O. 157.238 
1.0.157.172 
1.O.166.230, 
1.0.166.154 
1.0.166^40 

1.0.169.236 
1.0.169.166! 
1.0.172.228 
1.0.172.238 



1.0.228.239 
1.0.228.175 
1.0^9^1 

1.0.229.157 
1.0229.244, 
1.O.230.237 

1.O.230.169 
1.0.231^ 

1.0.231.239 
1.0231.175 
1.0.236.231 
1.0.236.157 
1.0^6.244 
1.0.237J237 
1.0.237.169 

1.0^8^9 
1.0.238.239 
1.0.238.175, 
1.0J239.231 
1.0.239.157^ 
1.0^9^44. 
1.0.154.237 
1.0.154.169 

1.0.157.229 
1.0.157.239 

1.0.157.175 
1.0.166J231 
1.0.166.157 
1.0.166:244, 
1.0.169.237 
1.0.169.169 

1.0.172229 
1.0.172.239 



1.0.228.154 
1.O.228.240 
1.0.229J236 
1.0.229.166 
1.O.230J28 
1.O.230.238 
1.O.230.172 
1.O.231.230 
1.0.231.154 
1.O.231.240 
1.0.236.236 

1.0.236.166 
1.0.237.228 

1.0.237.238 
1.0.237.172 

1.O.238.230 
1.0238.154, 
1.O.238.240 
1.0239.236, 
1.0.239.166 
1.0.154^ 
1.0.154.238 
1.0.154.172 
1.O.157.230 
1.0.157.154 
1.O.157.240 
1.0.166.236 

1.0.166.166 
1.0.169.228 

1.0.169.238 
1.0.169.172^ 

1.O.172.230 
1.0.172.154 



1.0.228.157 
1.0.228.244, 

1.0J229J237 
1.0.229.169 
1.O.230.229 

1.O.230.239 
1.O.230.175 
1.0.231.231 
1.0.231.157 
1.0.231.244- 

1.0.236.237 
1.0.236.169 

1.0.237.229 
1.0.237.239 
1.0.237.175 
1.0.238.231 

1.0.238.157 
1.0.238.244, 
1.0.239.237; 
1.0.239.169 
1.0.154.229 

1.0.154.239 
1.0.154.175 
1.0.157.231 

1.0.157.157 
1.0.157.244, 

1.0.166.237 
1.0.166.169 

1.0.169.229 
1.0.169.239 
1.0.169.175 
1.0.172.231 
1.0.172.157 



1.0.228.166 
1.0.229.228 
1.0.229.238, 
1.0.229.172, 
1.O.230.230 
1.O.230.154 
1.O.230.240. 
1.0.231.236, 
1.0.231.166, 
1.0.236.228, 
1.0.236.238 
1.0.236.172 
1.O.237.230, 
1.0.237.154, 
1.O.237.240 
1.0.238.236, 
1.0.238.166, 
1.0.239.228, 

1.0.239.238 

1.0.239.172. 
1.O.154J230, 
1.0.154.154, 
1.O.154.240, 
1.0.157.236; 
1.0.157.166 

1.0.166.228 
1.0.166.238 
1.0.166.172 

1.0.169.23Q 
1.0.169.154, 
1.O.169.240, 

1.0.15^.236 
1.0.172.166 



1.0.228.169 
1.0.229.229 

1.0.229.239 
1.0.229.175 
1.O.230.231 
1.O.230.157; 
1.O.230.244. 

1.0.231.237 
1.0.231.169 
1.0.236.229 

1.0.236.239 
1.0.236.175 
1.0.237.231 

1.0.237.157 
1.0.237.244 
1.0.238.237; 

1.0.238.169 
1.0.239.229, 

1.0.239.239 
1.0.239.175 
1.0.154.231 

1.0.154.157; 

1.0.154.244 
1.0.157.237 

1.0.157.169 
1.0.166.229, 

1.0.166.239 
1.0.166.175 
1.0.169.231 

1.0.169.157 
1.0.169.244 

1.0.172.237 

1.0.172.169 
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1.0.172.172; 1.0.172.175; 1.O.17Z240; 1.0.17Z244; 1.0.175:228; 1.0.175.229; 
1.O.175J230; 1.0.175.231; 1.0.175.236; 1.0.175.237; 1.0.175J238; 1.0.175.239; 
1.0.175.154; 1.0.175.157; 1.0.175.166; 1.0.175.169; 1.0.175.172; 1.0.175.175; 
1.O.175.240; 1.0.175.244; 1.O.240.228; 1.O.240.229; 1.O.240.230; 1.O.240.231; 
5 1.O240.236; 1.O.240.237; 1.O.240.238; 1.O.240.239; 1.O.240.154; 1.O.240.157; 
1.O.240.166; 1.OJ240.169; 1.O.240.172; 1.O.240.175; 1.O.240.240; 1.O.240.244; 
1.0.244.228; 1.0.244.229; 1.O244.230; 1.0.244^1; 1.0^44.236; 1.0.244.237; 
1.0.244.238; 1-0.244.239; 1.0.244.154; 1.0.244.157; 1.0.244.166; 1.0.244.169; 
1.0.244.172; 1.0.244.175; 1.O.244.240; 1.0.244.244; 

10 

Prodrugs of 1.P 

l.P.228.228; l.P.228.229; l.P.228.230; 1.P.228231; l.P.228.236; l.P.228.237; 

IJP.228.238; IJP.228.239; 1 J.228.154; l.P.228.157; l.P.228.166; IJP.228.169; l.F.228.172; 

l.P.228.175; l.P.228.240; l.F.228.244; 1^.229.228; U.229.229; l.P.229.230; 1JP.229231; 
15 l.P.229.236; l.P.229.237; IJP.229.238; 1^.229.239; U.229.154; IP.229.157; l.P.229.166; 

l.P.229.169; l.P.229.172; 1^.229.175; 1^.229.240; U.229.244; l.P.230.228; l.P.230.229; 

l.P.230.230; l.P.230.231; l.P.230.236; l.P.230.237; l.P.230.238; l.P.230.239; IP.230.154; 

l.P.230.157; l.P.230.166; IP.230.169; 1^.230.172; 1 P.230.175; l.P.230.240; l.P.230.244; 

l.P.231.228; l.P.231.229; l.P.231.230; l.P.231.231; 1^.231.236; l.P.231.237; 1.P.231238; 
20 l.P.231.239; l.P.231.154; l.P.231.157; l.P.231.166; l.P.231.169; l.P.231.172; l.P.231.175; 

l.P.231.240; 1^.231.244; 1J>.236.228; IJP.236.229; l.P.236.230; l.P.236.231; l.P.236.236; 

l.P.236.237; l.P.236.238; l.P.236.239; l.P.236.154; l.P.236.157; l.P.236.166; l.P.236.169; 

l.P.236.172; l.P.236.175; l.P.236.240; l.P.236.244; l.P.237.228; l.P.237.229; l.P.237.230; 

l.P.237.231; l.P.237.236; l.P.237.237; IP.237.238; l.P.237.239; l.P.237.154; l.P.237.157; 
25 l.P.237.166; l.P.237.169; l.P.237.172; l.P.237.175; l.P.237.240; l.P.237.244; l.P.238.228; 

l.P.238.229; IJP.238.230; l.P.238.231; l.P.238.236; l.P.238.237; l.P.238.238; 1.P.238239; 

l.P.238.154; l.P.238.157; l.P.238.166; l.P.238.169; l.P.238.172; l.P.238.175; 1.P.238240; 

1 P.238.244; 1.PJ239.228; l.P.239-229; l.P.239.230; l.P.239.231; l.P.239.236; l.P.239.237; 

l.P.239.238; l.P.239.239; 1 J>.239.154; IJP.239.157; l.P.239.166; l.P.239.169; l.P.239.172; 
30 l.P.239.175; l.P.239.240; l.P.239.244; l.P.154.228; l.P.154.229; l.P.154.230; l.P.154.231; 

l.P.154.236; l.P.154.237; l.P.154.238; l.P.154.239; l.P.154.154; l.P.154.157; l.P.154.166; 

l.P.154.169; l.P.154.172; l.P.154.175; l.P.154.240; 1^.154.244; 1 J.157.228; 1^.157.229; 

l.P.157.230; l.P.157.231; 1^.157.236; l.P.157.237; 1^.157.238; IP.157.239; 1^.157.154; 

l.P.157.157; l.P.157.166; l.P.157.169; l.P.157.172; 1^.157.175; IJP.157.240; 1^.157.244; 
35 l.P.166.228; l.P.166.229; 1^.166.230; l.P.166.231; l.P.166.236; l.P.166.237; l.P.166.238; 

IJP.166.239; l.P.166.154; U.166.157; l.P.166.166; IJP.166.169; l.P.166.172; l.P.166.175; 

l.P.166.240; l.P.166.244; l.P.169.228; l.P.169.229; IJ.169.230; l.P.169.231; 1JP.169236; 

l.P.169.237; l.P.169.238; l.P.169.239; l.P.169.154; 1^.169.157; 1J?.169.166; l.P.169.169; 

l.P.169.172; l.P.169.175; 1 J.169.240; l.P.169.244; l.P.172.228; 1 J.172.229; 1 JP.172.230; 
40 l.P.172.231; l.P.172.236; l.P.172.237; l.P.172.238; l.P.172-239; l.P.172.154; IP.172.157; 

l.P.172.166; 1J'.172.169; l.P.172.172; IJP.172.175; 1^.172.240; l.P.172.244; l.P.175.228; 

l.P.175.229; l.P.175.230; l.P.175.231; 1JP.175236; 1J».175.237; 1 P.175.238; 1^.175.239; 

1^.175.154; l.P.175.157; 1.P.I75.166; l.P.175.169; IJP.175.172; l.P.175.175; l.P.175.240 

l.P.175.244;. 1^.240.228; l.P.240.229; l.P.240.230; l.P,240.231; l.P.240.236; IP.240.237 
45 1 J.240.238; l.P.240.239; l.P.240.154; l.P.240.157; l.P.240.166; l.P.240.169; l.P.240.172; 

l.P.240.175; 1^.240.240; l.P.240.244; 1^.244.228; l.P.244.229; IP.244.230; 1.P.244J231 



- 107 - 



wo 03/090690 PCT/US03/12901 



IP.244^; 1JP^44.237; 1.F2U23S; 1J»^44239; 1JP244.154; 1JP^44.157; 1 J'244.166; 
IP.244.169; 1.PJ244.172; l.P^44.175; 1J»:244^40; l.P.244.244; 

Prodrugs of l.U 

1.U.228228; l.U.228.229; l.U.228^30; l.U.228.231; l.U.228.236; 1JJ22S.237', 



1.U228.238 
l.U.228.172 
1.U229.230 
l.U.229.154 

10 l.U.229.240 
1:V230.236 
l.U.230.166 
l.U.231.228 
1.U231.238! 

15 l.U.231.172 
l.U.236.230 
l.U.236.154, 
1.U236.240, 
1.13237.236 

20 1.V237.166, 
l.U.238.228, 
l.U.238.238, 
l.U.238.172, 
1.U239230, 

25 1.U239.154 
l.U.239.240, 
l.U.154.236 
l.U.154.166, 
1.U.157228, 

30 1.U.157238 
l.U.157.172 
l.U.166.230 
l.U.166.154- 
l.U.166.240 

35 1.U.169236 
l.U.169.166, 
l.U.172.228 
l.U.172.238 
l.U.17Z172^ 

40 l.U.175.230 
l.U.175.154, 
l.U.175.240 
l.U.240.236 
l.U^40.166 

45 1.U.244228 



l.U.228^9 
l.U^8.175 
l.Ui29.231 
l.U.229.157 
l.U^9^44i 
l.U.230.237 
1.U^.169 
l.U.231^9 
l.U.231.239 
l.U^1.175, 
1.U.236231, 
l.U.236.157 
l.U:236^44 
1.U237.237 
l.U.237.169 
l.U.238.229, 
l.U.238.239, 

l.U.238.175 
l.U.239.231 
l.U^9.157 

l.U.239.244, 

l.U.154.237 
l.U.154.169 
l.U.157.229i 
l.U.157.239, 
l.U.157.175 
l.U.166.231 
l.U.166.157; 
l.U.166.244. 
l.U.169^7 
l.U.169.169, 
l.U.172.229 
l.U.172.239 
l.U.172.175 
1.U.175J131 
l.U.175.157i 
l.U.175.244i 

1.U.240237 
1.UJ240.169, 
1.U244.229 



1.U228.154 

l.U.228^40, 

l.U229^36 

l.U.229.166 

l.U:230^ 

1.U230.238 

1.U^.172 

l.U.231^30 

l.U^1.154 

1.U231.240 

l.U^.236 

l.U.236.166 

l.U237^ 

1.U237.238, 

l.U^7.172 

l.U.238.230 

1.U238.154 

l.U.238.240 

1.U239.236 

l.U.239.166 

l.U.154.228 

l.U.154^8 
l.U.154.172, 

l.U.157.230 
l.U.157.154, 

l.U.157.240 
l.U.166.236, 
l.U.166.166, 
l.U.169.228 
l.U.169.238 
l.U.169.172. 
1.U.172^, 
1.U.17Z154. 
1.U.172J240 
l.U.175.236 
l.U.175.166 
1.U240.228 
l.U240^ 
l.tJ240.172 
l.U^44230 



l.U^157, 
l.U:228^44, 
l.U^9237, 
l.U^9.169 

l.U.230.239 
1.U^.175 
l.U^31.231 

l.U^1.157 
l.U^l.244 
1.1SJ236J37 
l.U.236.169 
l.U237^ 
l.U.237.239 
1.U237.175 
l.U.238.231 

l.U.238.157 
l.U.238.244 

l.U.239^7 
1,U.239.169 
l.U.154^9 
1.U.154239 
l.U.154.175 
l.U.157.231 
l.U.157.157 
l.U.157.244, 
l.U.166.237 
l.U.166.169 
l.U.169.229 
l.U.169^9 
l.U.169.175 
l.U.172^1 
l.U.172.157 
l.U.172^44 
l.U.175.237 
l.U.175.169, 
1.UJ240.229 
1.U240239 
l.U.240.175 
l.U^44J231 



1.U^.166 
i.U.229228 
1.U.229238, 
l.U.229.172, 

1.U.230230 
l.U.230.154, 
l.U.230^40 
1.U.231236 
l.U^1.166 
l.U.236.228 
l.U^238 
l.U.236.172 

1.U.237230 
l.U.237.154, 
1.U.237240, 
l.U.238.236 
l.U.238.166 
l.U.239.228 
l.U^9238, 
l.U.239.172 
1.U.15423Q 
l.U.154.154; 
l.U.154.240 

l.U.157.236 
l.U.157.166 

l.U.166.228 
l.U.166.238 
l.U.166.17^ 
l.U.169.230, 
l.U.169.154 
l.U.169.240 
1.U.172236 
l.U.172.166, 

l.U.175.228 
l.U.175.238 
l.U.175.172, 
l.U.240.230 

l.U.240.154 
l.U.240^40 
1.U.244J236. 



l.U.228.169 
l.U.229.229 
l.U^9^9 
l.U^9.175 
1.U230.231 
l.U.230.157 
l.UJ230^44, 

l.U.231^7 
l.U.231.169 

l.U.236.229 

1.U236239 

l.U.236.175 

1.V237231 

l.U.237.157 

l.U^7.244, 

l.U.238.237 

1.U238.169 

1.U.239229 

l.U239^9 

l.U.239.175 

l.U.154^1 

l.U.154.157 

l.U.154.244, 

l.U.157^7 

l.U.157.169 

1.U.166J229 

1.U.166239 

l.U.166.175 
l.U.169i31 
l.U.169.157 
l.U.169.244 

l.U.172.237 
l.U.172.169 
l.U.175.229 
1.U.175239 
l.U.175.175 
l.U.240.231 
1.U240.157 
l.U.240.244, 

l.U^44237 
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1.V2M.238; 1XJ.2U239; l.U^44.154; l.U.244.157; l.U^44.166; l.U^44.169; 
1XJ2.U.172; l.U.244.175; l.U.244.240; l.U.244^44; 

Prodrugs of 1.W 

l.W.228.228; l.W.228.229; l.y722S230; l.W^8.231; l.W.228.236; l.W.228.237; 



l.WJ228^8 
l.W.228.172 
l.W.229.230 
l.W^9.154 
10 l.W-229.240 
l.W:230:236! 
l.W.230.166 
l.WJ231^, 

l.W.231.238 

15 l.W.231.172 
l.W^6^30 
1.WJ236.154 
l.W.236^40 
l.W:237J236. 

20 l.W^37.166 
l.WJ238^ 
l.W.238.238 
l.W.238.172 
l.W.239^ 

25 l.W.239.154 
1.W.239J240 
l.W.154.236 
l.W.154.166 
1.W.157^ 

30 l.W.157.238 
l.W.157.172 
1.W.166230 
l.W.166.154 
l.W.166^40 

35 l.W.169.236 
l.W.169.166 
l.W.172.228 
l.W.172.238 
1.W.17Z172 

40 l.W.175.230^ 
l.W.175.154, 
l.W.175^40 
l.W.240.236 
l.W^40.166 

45 l.W^44.228 



l.W^.239 
l.W.228.175 

l.W.229.231 
l.W.229.157; 
l.W.229.244 

l.W^.237 
l.W.230.169 
l.W^l.229 
l.W.231.239 
l.W.231.175 
1.W^.231 

l.W^6.157 
l.W.236.244; 

l.W.237.237 
l.W.237.169 
l.W^^9 
l.W.238.239 
l.W.238.175 
l.WJ239^1 

l.W.239.157 
1.W.239J144, 

1,W.154.237 
l.W.154.169 

l.W.157.229 

l.W.157.239 
l.W.157.175, 

l.W.166.231 

l.W.166.157 
l.W.166.244 
l.W.169.237 

l.W.169.169 
l.W.172.229 
l.W.172.239 

l.W.172.175 
l.W.175.231 

l.W.175.157 
l.W.175:244 

l.W.240^37 
l.W^40.169 
l.W^44^9 



1.W228.154; 1.W^.157; 1.W^.166 
l.W.228.240; l.W^8.244; l.W.229.228 
1.W229236; l.WJ229:237; 1.W229.238 
l.W.229.166; l.W^9.169; l.W.229.172 
l.W.230.228; l.W^0^9; l.W^0.230 
l.WJ230^8; l.W.230.239; 1.WJ230.154 
l.W.230.172; l.W^3p.l75; 1.W.230J240 
1.W.231^; l.W.23i:231; l.W.231.236 
l.W.231.154; l.W.231.157; l.W^1.166 
l.W.231.240; l.W.231.244; l.W.236^8 
l.W.236^6; l.W^^7; 1.WJ36.238 
l.W.236.166; l.W^6.169; l.W.236.172 
l.W^7^; l.W^7.229; l.W.237.230 
l.W.237^38; l.W.237^9; l.W^7.154 
l.W.237.172; l.W.237.175; l.W.237i40 
l.W.238^; l.W.238.231; 1.W238.236 
l.W.238.154; l.W.238.157; l.W^8.166 
l.W.238.240; l.W.238.244; l.W.239.228 
l.W.239^; l.W.239.237; l.W^9.238 
l.W.239.166; l.W.239.169; l.W.239.172 
1.W.154^; l.W.154^9; 1.W.154230 
l.W.154^38; l.W.154.239; 1.W.154154 
l.W.154.172; l.W.154.175; l.W.154.240 
1.W.157^; l.W.157^31; l.W.157.236 
l.W.157.154; l.W.157.157; l.W.157.166 
l.W.157.240; 1.W.157244; l.W.166.228 
l.W.166^6; l.W.166^7; l.W.166.238 
l.W.166.166; l.W.166.169; l.W.166.172, 
1.W.169J228; 1.W.169^; LW.169^0, 
l.W.169.238; l.W.169.239; l.W.169.154. 
l.W.169.172; l.W.169.175; l.W.169.240 
l.W.172.230; l.W.172^1; l.W.172.236! 
l.W.172.154; l.W.172.157; l.W.172.166 
l.W.172^40; l.W,172244; l.W.175^8 
1.W.175^; l.W.175^7; l.W.175^8 
l.W.175.166; l.W.175.169; l.W.175.172 
l.W^40.228; 1.W.240J229; l.W^40.230 
l.W.240.238; l.W.240.239; l.W.240.154 
l.W.240.172; l.W^40.175; l.W^40^40, 
1;W244^; l.W.244^1; l.W^44^ 



l.W.228.169 
l.W.229.229 
l.W.229.239 
l.W^9.175 
l.W.230.231 

l.W^0.157 
l.W.230.244, 

l.W^31237 
l.W^1.169, 

l.W^36.229 
l.W^6^9 
l.W^36.175 
l.W.237.231 

l.W^7.157 

1.WJ237.244, 

l.W^8^7 
1.W^.169 

l.W.239.229 

l.WJ239^9 
l.W.239.175 

l.W.154:231 

l.W.154.157, 

l.W.154.244 

1.W.157J237 

l.W.157.169 
1.W.166^ 

l.W.166^9 
l.W.166.175 

l.W.169:231 

l.W.169.157 
l.W.169.244, 
1.W.172J237; 

i.w.i;;^.i69 

l.W.175^9 

l.W.175^9 
l.W.175.175 

l.W^40:231 

l.W.240.157 
l.W^40^44 
1.W.244237 
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1M2UJ238; l.W.244.239; l.W.244.154; l.W.244.157; 1.W244.166; 1.W244.169; 
1.W244.172; 1.W244.175; l.W.244.240; 1.W.244244; 

Prodrugs of l.Y 

1.Y:228228; l.Y.228.229; l.Y.228.230; l.Y.228.231; l.Y.228.236; l.Y^8^7; 



l.Y.228.238 
l.Y.228.172 
l.Y.229^ 
l.Y.229.154, 
10 l.Y.229.240 
l.Y.230.236, 
l.Y.230.166, 

l.Y.231.228 
l.Y.231^38^ 

15 1.Y231.172 
l.Y^^ 
1.Y236.154' 
1.Y.236240, 
1.Y237.236 

20 l.Y^7.166, 

l.Y.238.228 
l.YJ238^, 
l.Y.238.172 
1.Y.239.23Q 
25 l.Y.239.154, 
l.Y.239.240, 
l.Y.154.236 
l.Y.154.166, 
l.Y.157.228, 

30 l.Y.157.238 
l.Y.157.172, 
l.Y.166.230, 
l.Y.166.154! 
l.Y.166.240 

35 1.Y.169^ 
l.Y.169.166^ 
1.Y.172228, 
l.Y.172.238 

1X172.172^ 
40 l.Y.175^0 
l.Y.175.154, 
l.Y.175.240 
l.Y^40.236, 
l.Y^40.166 
45 l.Y^44.228 



l.Y^8.239; l.Y.228.154, 
l.Y.228.175; l.Y.228.240, 
l.Y.229.231; 1.Y229J236 
l.Y.229.157; l.Y.229.166, 
1.Y229244; 1.Y.230228. 
l.Y.230.237; l.Y.230.238. 
l.Y.230.169; 1.Y230.172 
l.Y.231^9; l.Y.231.230. 
l.Y^1239; l.Y.231.154, 
l.Y.231.175; l.Y.231.240 
l.Y.236^1; l.Y.236^36 
l.Y.236.157; l.Y.236.166 
1.Y236.244; l.Y.237^ 
l.Y.237.237; l.Y.237.238 
l.Y^7.169; l.Y^7.172^ 
1.Y.238229; l.Y.238.230 
l.Y^.239; l.Y.238.154^ 
l.Y.238.175; l.Y.238^40 
l.Y.239.231; l.Y.239.236 
l.Y.239.157; l.Y.239.166 
l.Y.239.244; l.Y.154.228 
l.Y.154.237; 1.Y.154238 
l.Y.154.169; l.Y.154.172 
l.Y.157.229; l.Y.157.230 
l.Y.157.239; l.Y.157.154, 
l.Y.157.175; l.Y.157.240 
l.Y.166.231; l.Y.166.236 
l.Y.166.157; l.Y.166.166! 
1.Y.166244; l.Y.169.228 
1.Y.169237; l.Y.169.238 
l.Y.169.169; l.Y.169.172, 
l.Y.172.229; 1.Y.172^, 
l.Y.172.239; l.Y.172.154 
l.Y.172.175; l.Y.172^40 
l.Y.175.231; l.Y.175^6 
l.Y.175.157; l.Y.175.166 
l.Y.175.244; l.Y.240.228 
l.Y.240.237; l.Y^40.238 
l.Y.240.169; l.Y^40.172^ 
l.Y.244.229; 1.Y.244230, 



l.Y.228.157 
l.Y.228.244 
l.Y.229^7 

l.Y.229.169 
l.Y.230.229 
l.Y.230.239 

l.Y.230.175 
l.Y.231.231 
l.Y.231.157, 
l.Y.231^44 

l.Y^36^7 
l.Y.236.169 

l.Y.237.229 
l.Y.237.239 

l.Y^37.175 
1.Y238.231 

l.Y.238.157 
l.Y.238.244 

l.Y.239^7, 

l.Y.239.169 
1.Y.154229 

l.Y.154.239 
l.Y.154.175 
1.Y.157231 

l.Y.157.157 
l.Y.157.244, 

l.Y.166.237 

l.Y.166a69 
l.Y.169.229 

l.Y.169^9 
l.Y.169.175 

1.Y.172231 

l.Y.172.157 

1.Y.172244, 

l.Y.175^37 
l.Y.175.169 

l.Y^40^9 
1.Y240239 
1.YJ240.175 
l.Y^44231 



l.Y^8.166 

l.Y.229.228 
l.Y.229.238^ 
l.Y.229.172 
1.Y.23D:230 
l.Y.230.154. 
l.Y.230.240 
l.Y.231.236 
l.Y.231.166, 

l.Y.236.228 
l.Y.236.238! 
l.Y.236.172 
1.Y.237230 
l.Y.237.154 
l.Y237^40, 
l.Y.238.236 
l.Y.238.166 
l.Y.239.228 
l.Y.239^38 
l.Y.239.172 
l.Y.154.230 

1.Y.154240, 
l.Y.157.236 
l.Y.157.166 
l.Y.166.228 
1.Y.166238 
l.Y.166.172^ 
l.Y.169.230 
l.Y.169.154 
l.Y.169.240 
l.Y.172.236 
l.Y.172.166 
l.Y.175.228! 
l.Y.175^8, 
l.Y.175.172. 
l.Y240^0 
l.Y^4ai54 
l.Y^40.240 
1.Y.2U236 



1.Y^.169 
l.Y.229.229 
l.Y^9.239 
1.Y229.175 
1.Y230.231 
l.Y^0.157, 

l.Y.230.244 

l.Y.231.237, 

l.Y.231.169 

l.Y.236.229 
l.Y.236.239 

l.Y.236.175 

l.Y.237^1 

l.Y.237.157 

1.Y.237244; 

l.Y^8^7i 

l.Y.238.169, 

1.Y.239229 

1.Y.239239, 

l.Y.239.175 
1.Y.154231 

l.Y.154.157 
l.Y.154.244, 
l.Y.157^7, 
l.Y.157.169 
1.Y.166229 
1.Y.166239 
l.Y.166.175 
l.Y.169.231 
l.Y.169.157, 
l.Y.169.244, 
1.Y.172237; 
l.Y.172.169 

l.Y.175^9 
1.Y.175239 
l.Y.175.175, 
l.Y^40^1 
l.Y.240.157, 
1.Y.24D244; 

l.Y^44237 
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l.Y^44.238; 1.Y.244239; l.Y^44.154; l.Y.244.157; l.Y.244.166; l.Y^44.169; 

1. YJ244.172; l.Y^44.175; l.Y^44^40; 1.Y.1U2M} 

Prodrugs of 2.B 

5 2.B228.229; 2.B.228^; 2.3^8^1; 2.BJ228.236; 23228:237; 

2. B228.23S; 2.B.228.239; 2.B.228.154; 2.B^.157; 2.B.228.166; 2.B^.169; 2.B.228.172; 
2.B.228.175; 2-B.228.240; 2.B.228.244; 2.B.229228; 2.B.229.229; 2.B^29^0; 2.B.229.231; 
2.B^.236; 2.B229.237; 2.B.229^8; ZB^9.239; 2.B.229.154; 2.B^9.157; 2.B^9.166; 
2.B.229.169; 2.B.229.172; 2.B.229.175; 2.B.229J240; 2.B.229.244; 2.BJ230.228; 2.B.230.229; 

10 23230230; 23230231; 23230236; 23230237; 2323023S; 2323Q239; 2.B^0.154; 

2.B^.157; 2.B.230.166; 2.B.230.169; ZB.230.172; 2.B.230.175; 2.B.230.240; 2.B.230.244; 

2.B.231.228; 2.B.231.229; 2.B.231.230; 2.B.231.231; 2.B.231.236; 2.B.231.237; 2.B.231.238; 

2.B^1.239; 2.B.231.154; 2.B.231.157; 2-B.231.166; 2.B^1.169; 2.B.231.172; 2.B^1.175; 

2.B.231.240; 2.B.231J244; 2.B.236.228; 2.B.236.229; 2.B.236.230; 2.B.236.231; 2.B.236.236; 
15 2.B^6.237; 2.B.236.238; 2.B^6^9; 2.B^36.154; 2.B^.157; 2.B.236.166; 2.B236.169; 

2.B.236.172; 2.B.236.175; 2.B.236^40; 2.B^.244; 2.BJ237^8; 2.B.237^; 2.BJ237^0; 

2.B.237.231; 2.B.237.236; 2.B.237.237; 2.B.237.238; 2.B.237.239; 2.B.237.154; 2.B.237.157; 

2.B.237.166; 2.B.237.169; ZB.237.172; 2.B^7.175; 2.B.237.240; 2.B237.244; 2.B^38.228; 

2.B.238.229; 2.B.238.230; 2.B^38.231; 2.B.238.236; 13238237; 2.B.238.238; 2.B.238239; 
20 2.B.238.154; 2.B.238.157; ZB^.166; 2.BJ238.169; 2.B.238.172; 2.B238.175; 2.BJ238.240; 

2.B^^44; 2.B^9.228; 2.B.239^9; 2.B^9^; 2.B.239.231; 2.B^9^; 2.B^39^7; 

2.B.239.238; 2.BJ239.239; 2.B.239.154; 2.B.239.157; 2.B.239.166; 2.B^9.169; 2.B.239.172; 

2.B^9.175; 2.B.239.240; 2323924A; ZB.154228; 2.B.154.229; 2.B.154^0; 2.B.154.231; 

2.B.154.236; 2.B.154.237; 2.B.154.238; 2.B.154.239; 2.B.154.154; 2.B.154.157; 2.B.154.166; 
25 2.B.154.169; 2.B.154.172; 2.B.154.175; 2.B.154.240; 2.B.154.244; 2.B.157J228; 2.B.157.229; 

2.B.157.230; 2.B.157.231; 2.B.157J236; 2,B.157.237; 2.B.157.238; 2.B.157^9; 2.B.157.154; 

2.B.157.157; 2.B.157.166; 2.B.157.169; 2.B.157.172; 2.B.157.175; 2.B.157^40; 2.B.157.244; 

2,B.166.228; 2.B.166.229; 2.B.166^; 2.B.166.231; 2.B.166.236; 2.B.166^7; 2.B.166.238; 

2.B.166.239; 2.B.166.154; 2.B.166.157; 2.B.166.166; 2.B.166.169; 2.B.166.172; 2.B.166.175; 
30 2.B.166.240; 2.B.166.244; 2.B.169.228; 2.B.169.229; 2.B.169^30; 2.B.169.231; 2.B.169.236; 

ZB.169.237; 2.B.169.238; 2.B.169.239; 2.B.169.154; 2.B.169.157; 2.B.169.166; 2.B.169.169; 

2.B.169.1Z2; 2.B.169.175; 2.B.169.240; 2.B.169.244; 2.B.172.228; 2.B.172.229; 2.B.172J230; 

2,B.172^1; 2.B.172^6; 2.B.172J237; 2.B.172.238; 2.B.172^9; 2.B.172.154; 2.B.172.157; 

2.B.172.166; 2.B.172.169; 2.B.172.172; 2.B.172.175; 2.B.172.240; 2.B.172.244; 2.B.175.228; 
35 2.B.175^9; 2.B.175.230; 2.B.175.231; 2.B.175236; 2.B.175.237; 2.B.175.238; 2.B.175.239; 

2.B.175.154; 2.B.175.157; 2.B.175.166; 2.B.175.169; 2.B.175.172; 2.B.175.175; 2.B.175^40; 

2.B.175^44; 2.B240.228; 2.B.240.229; 2.B.240^0; 2.B.240.231; 2.B.240.236; 2.B.240.237; 

2.B^40J238; 2.BZ40.239; 2.B^40.154; 2.B.240.157; 2.B.240.166; 2.B.240.169; 23240.172; 

2.B^40.175; 2.BJ240.240; 2.B.240^44; 2.B.244:228; 2.B.244.229; 2.B.244^0; 2.B544:231;. 
40 2.B.244-236; 2324A.237; 2.B^44.238; 2.B.244.239; 2.B.244.154; 2.B.244.157; 2324A.166; 

2.B^44.169; 2.8^44.172; 2.B.244.175; 2.B;244.240; 232M24A; 

Prodrugs of 2.D 

2.1)228.228; 2.1X228229; ZD228230; 2.D.228.231; 2X>.228.236; 2.D.228.237; 
45 2.D.228.238; 2.D.228.239; 2.D.228.154; 2.D.228.157; 2.D.228.166; 2.D.228.169; 
2.D228.172; 2.D.228.175; ZDJ228.240; 2.D.228.244; ZD.229J228; ZD.229.229; 
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2JD229J230; 2.D.229.231; 2.D.229.236; 2.D.229J237; ZDJ229238; 2.D^.239; 

2.D.229.154; 2.D.229.157; 2.D.229.166; 2.D.229.169; 2.D.229.172; 2.D.229.175; 

2.D.229.240; 2.D.229.244; 2.D.230.228; 2.D.230.229; 2.D.230^30; 2.D.230.231; 

2.D^J236; 2.D.230:237; 1.UJ230J238; 2.D.230.239; 2.D.230.154; ZD^.157; 
5 2.DJ230.166; 2.D.230.169; 2.D.230.15^; 2.D^0.175; 2.D.230.240; 2.D.230.244; 

2.DJ231J228; 2.D.231^9; 2.D.231^; 2.D^1.231; ZD^1236; 2J>^1J237; 

2.D.231^; 2.D.231.239; 2.D.231.154; 2.D.231.157; ZD.231.166; 2.D.231.169; 

2.D.231.172; 2.D.231.175; 2.D.231^40; 2.D.231.244; 2.D.236.228; 2.D.236.229; 

2.D.236.230; 2.D.236^1; 2.D^.236; 2.D.236J237; ZD:236.238; ZD^239; 
10 2.D.236.154; 2.D.236.157; 2.D.236.166; 2.p.236.169; ZD.236.172; 2.D.236.175; 

2.D.236^40; 2.D.236.244; 2.0^237.228; 2.D.237J229; 2.DJ237.230; 2.D.237.231; 

2.D.237.236; 2.D.237.237; 2.D237.238; 2.D.237.239; ZD.237.154; 2.D.237.157; 

2.D.237.166; 2.D.237.169; 2.D.237.172; 2.D.237.175; ZD.237.240; 2.D.237.244; 

2.D.238.228; 2.D.238.229; 2.DJ238.230; 2.D.238.231; ZD.238.236; ZD.238.237; 
15 2.D.238.238; 2.D.238.239; 2.D.238.154; 2.D.238.157; ZD.238.166; 2.D.238.169; 

2.D.238.172; 2.D.238.175; 2,D.238J240; 2.D.238.244; ZDJ39.228; ZDJ239.229; 

2.D.239.230; 2.D.239.231; 2.b.239.236; 2.D.239.237; ZD.239.238; 2.D.239.239; 

2.D.239.154; 2.D.239.157; 2.D.239.166; 2.D.239.169; 2.D.239.172; 2.D.239.175; 

2.D.239.240; 2.D.239.244; 2.D.154.228; 2.D.154.229; ZD.154.230; ZD.154.231; 
20 2.D.154.236; 2.D.154.237; 2.D.154.238; 2.D.154.239; 2.D.154.154; 2.D.154.157; 

2.D.154.166; 2.D.154.169; 2.D.154.172; 2.D.154.175; 2.D.154.240; ZD.154.244; 

2.D.157.228; 2.D.157.229; 2.D.157.230; 2.D.157.231; ZD.157.236; 2.D.157.237; 

2.D.157.238; 2.D.157.239; 2.D.157.154; 2.D.157.157; ZD.157.166; 2.D.157.169; 

2.D.157.172; 2.D.157.175; 2.D.157.240; 2.D.157.244; ZD.166.228; ZD.166J229; 
25 2.D.166.230; 2.D.166.231; 2.D.166.236; 2.D.166.237; 2.D.166.238; 2.D.166.239; 

2.D.166.154; 2.D.166.157; 2.D.166.166; 2.D.166.169; 2.D.166.172; 2.D.166.175; 

2.D.166.240; 2.D.166Z44; 2.D.169.228; 2.D.169.229; 2.D.169.230; 2.D.169.231; 

2.D.169.236; 2.D.169.237; 2.D.169.238; 2.D.169.239; 2.D.169.154; 2.D.169.157; 

2.D.169.166; 2.D.169.169; 2.D.169.172; 2.D.169.175; ZD.169.240; ZD.169.244; 
30 2.D.172.228; 2.D.172.229; 2.D.17Z230; 2.D.172.231; ZD.172.236; 2.D.172237; 

2.D.172.238; 2.D.172.239; 2.D.172.154; 2.D.172.157; 2.D.172.166; 2.D.172.169; 

2.D.172.172; 2.D.172.175; 2.D.172.240; 2.D.172.244; 2.D.175.228; ZD.175.229; 

2.D.175.230; 2.D.175.231; 2.D.175.236; 2.D.175.237; 2.D.175.238; 2.D.175.239; 

2.D.175.154;2.D.175.157; 2.D.175.166; 2.D.175.169; ZD.175.172; 2.D.175.175; 
35 2.D.175.240; 2.D.175.244; 2.D.240.228; 2.D.240.229; ZDZ40.230; ZD.240Z31; 

2.D.240.236; 2.D.240.237; 2.D.240.238; 2.D.240.239; 2.D.240.154; ZD.240.157; 

2.DZ40.166; 2.D.24D.169; 2.D.240.172; 2.D.240.175; ZD.240.240; ZD.240.244; 

2.D.244.228; 2.D.244.229; 2.D.244.230; 2.D.244.231; 2.D.244.236; 2.D.244Z37; 

2.D.244.238; 2.D.244.239; 2.D.244.154; 2.D.244.157; 2.D.244.166; ZDJ244.169; 
40 2.D.244.172; 2.D.244.175; 2.D.244.240; 2.D.244.244; 

• • 

Prodrugs of 2.E 

2.E.228Z28; 2.E.228.229; 2.E.228.230; 2.E.228.231; ZE.228.236; 2.E.228.237; 
2.EZ28.238; 2.E.228.239; 2.E.228.154; 2.E228.157; 2.E.228.166; 2.E.228.169; 2.E.228.172; 
45 2.E.228.175; ZE.228.240; 2.E.228.244; 2.EJ229.228; 2.E.229Z29; 2.E.229.230; 2.E.229.231; 
2.EJ229J236; 2.E.229.237; 2.E.229J238; 2JEZ29.239; 2JE.229.154; 2.E229.157; 2.E ^229.166; 
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10 



15 



20 



25 



30 



35 



40 



2JE^9.169 

2.E.230.230 
2JE^0.157 
2.B.231.228 
2.E.231.239 
2.E.231.240 

2.E.236.237 
2JB.236.172 

2.E^7.166 
2.E.238.229 
2.E.238.154 
2.E.238.244 
2.E:239.238 
2.E.239.175 
2.E.154J236 
2.E.154.169 
ZE.157J230 

2.E.157.157 

2.E.166^8 
2.E.166.239 

2.E.166.240 

2.E.169.237 
2JS.169.172 

2.E.172.231 
2.E.172.166 
2.E.175.229 
2.E.175.154 
2.E.175.244 
2.E.240.238 
2.E.240.175 
2.E.244.236 
2.E.244.169 



2.E.229.172; 
2.E.230.231; 
2.E230.166; 
2.E.231.229; 
2.E231.154; 
2.E.231.244; 
2.E.236.238; 
2.E.236.175; 
2.E.237.236; 
2.E237.169; 
2.E.238.230; 
2.E238.157; 
2.E.239.228; 
2.E239.239; 
2^.239.240; 
2JS.154237; 
2.E.154.172; 
2.E.157.231; 
2.E.157.166; 
2.E.166.229; 
2.E.166.154; 
2.E.166.244; 
2.E.169.238; 
2.E.169.175; 
2.E.172.236; 
2.E.172.169; 
2.E.175230; 
2.E.175.157; 
2.E.240.228; 
2.E.240.239; 
2.E.240.240; 
2.E.244.237; 
2JE.244.172; 



2.E.229.175 
2.E.230.236 
2.E.230.169 

2.E.231.230 
2.E.231.157 

2.E.236.228 

2.E.236.239 

2:E.236J240 

2.E.237.237 
2.E.237.172 

2JE.238.231 
2.E.238.166 
2.E.239.229 
2.E.239.154 
2.E.239.244 

2.E.154.238 
2.E.154.175 
2.E.157.236 
2.E.157.169 
2.E.166.230 

2.E.166.157 
2.E.169.228 
2.E.169.239 
2.E.169.240 

2JE.172.237 
2.E.172.172 

2JE.175.231 
2.E.175.166 
2.E.240.229 
2.E.240.154 
2.E.240.244 
2.E.244.238 
2.E.244.175 



2.E229.240; 2.E.229.244 
2.E230.237; 2.E.230238 
2.E230.172; 2.E.230.175 
2.E.231.231; 2.E.231236 
2.E.231.166; 2.E.231.169 
2.E236.229; 2.E.236.230, 
2.E.236.154; 2.E.236.157 
2JE.236.244; 2^.237228, 
2.E.237.238; 2.E.237.239 
2.E237.175; 2JE.237.240 
2.E.238.236; 2.E.238.237 
2.E.238.169; 2.E.238.172 
2.E239.230; 2.E.239.231 
2^.239.157; 2JE.239.166 
2.E.154.228; 2.E.154.229 
2.E.154.239; 2.E.154154^ 
2.E.154.240; 2.E.154.244, 
2.E.157.237; 2.E.157.238 
2JE.157.172; 2.E.157.175 
2.E.166.231; 2.E.166.236 
2.E.166.166; 2.E.166.169 
2 Jg.169.229; 2.E.169230 
2.E.169.154; 2.E.169.157^ 
2.E.169.244; 2.E.172.228 
2.E.172.238; 2.E.172.239 
2.E.172.175; 2.E.172.240 

2JE.175.236; 2JE.175237 
2.E.175.169; 2.E.175.172 
2.E240.230; 2.E.240.231 
2.E.240.157; 2.E.240.166 

2JB244228; 2JE.244.229 
2.E.244.239; 2.E.244154, 
2JE.244.240; 2.E.244244, 



2.E.230.228; 
2JE.230.239; 
2.E.230240; 
2.E.231.237; 
2.E.231.172; 
2.E.236.231; 
2.E.236.166; 
2.E.237.229; 
2.E.237.154; 
2JE.237.244; 
2.E.238.238; 
2JE.238.175; 
2.E.239.236; 
2.E.239.169; 
2.E.154.230; 
ZE.154.157; 
2.E.157.228; 
2.E.157.239; 
2.E.157.240; 
2.E.166.237; 
2.E.166.172; 
2JE.169.231; 
2.E.169.166; 
2.E.172.229; 
2.E.172.154; 

2.E.175.238; 
2.E.175.175; 
2.E.240.236; 
2JE.240.169; 
2.E.244.230; 
2.E.244.157; 



2.E.230.229; 
2.EJ230.154; 
2.E.230.244; 
2JE.231.238; 
2.E231.175; 
2.E236.236; 
2.E.236.169; 
2JE^7.230; 
2.E.237.157; 
2.E.238.228; 
2.E.238.239; 
2JE.238.240; 
2.E.239.237; 
2JE.239.172; 
2JE.154.231; 
2JB.154.166; 
2^.157.229; 
2.E.157.154; 
2.E.157.244; 
2.E.166.238; 
2.E.166.175; 
2.E.169.236; 
2.E.169.169; 
2.E.172.230; 
2.E.172.157; 
2.E.175.228; 
2.E.175.239; 
2.E.175.240; 
2JE.240.237; 
2.E.240.172; 
2.E.244.231; 
2.E244.166; 



Prodrugs of 2.G 

2.G.228.228; 2.G.228229; 2.G.228.23D; 2.G.228.231; 2.G.228.236; 2.G.228.237; 



45 



2.G.228.238; 2.G.228.239; 2.G.228.154; 2.G.228.157; 
2.G.228.172; 2.G.228.175; 2.G.228.240; 2.G.228.244; 
2.G.229.230; ZG.229.231; 2.G.229.236; ZG.229237; 
2.G.229.154; 2.G.229.157; 2.G.229.166; ZG.229.169; 
2.G.229.240; 2.G.229.244; 2.G.230.228; 2.G230.229, 
2.G.230.236; ZG.230.237; 2.G.230.238; 2.GJ230.239, 
2.G.230.166; 2.G230.169; 2.G.230.172; 2.G.230.175 
2.G.231.228; ZG.231.229; 2.G.231.230; 2.G.231.231, 
2.G.231.238; 2.G.231.239; 2.G.231.154; 2.G.231.157 
2.G^1.172; 2.G.231.175; 2.G.231240; 2.G231.244; 



2.G.228.166, 
2.G.229.228 

2.G.229.238 
2.G.229.172 

2.G.230.230 
2.G.230.154 

2.G.230.240 

2.G.231.236 
2.G231.166. 
2.G.236J228; 



2.G.228.169; 
2.G229.229; 
2.G.229.239; 
2.G229.175; 
2.G.230.231; 
2.G230.157; 
2.G.230.244; 
2.G.231.237; 
2.G.231.169; 
2.G.236229; 
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2.G.236^. 
2.G.236.154 
2.G.236^40^ 
2.G.237.236, 

5 2.GJ237.166, 
2.G^8.228, 
2.&238 .238, 
2.G.238.172. 
2.G.239.230, 

10 2.G.239.154, 
2.G.239.240 
2.G.154.236! 
2.G.154.166, 
2.G.157.228 

15 2.G.157J238^ 
2.G.157.172, 
2.G.166.230, 
2.G.166.154, 
2.G.166.240 

20 2.G.169^. 
2.G.169.166 
2.G.172.228, 
2.G.172.238, 
2.G.172.172 

25 2.G.175.230 
2.G.175.154 
2.G.175.240, 
2.G.240J236, 
2.G:240.166 

30 2.G^44.228, 

2.G^44.238 
2.GJ2M.172 



2.G.236.231; 
2.G.236.157 
ZG.236^44; 
2.G.237.237 
2.G.237.169 
2.G.238.229 

2;G.238.239 
2.G.238.175 

2.G.239.231 

2.G.239.157 
ZG.239^44 
ZG.154.237 
2.G.154.169 
2.G.157.229 

2.G.157^9 
2.G.157.175 
2.G.166.231 

2.G.166.157 
2.G.166^44 
2.G.169.237^ 

2.G.169.169 

2.G.172:229 
2.G.172:239 
2.G.172.175 
2.G.175.231 
2.G.175.157 
2.G.175.244 

2.G.240.237 
2.G.240.169 

2.G.244.229 

ZG^44.239 
2.G^44.175 



; 2.G^.236; 2.G:236^7; 2.GJ236^ 
; 2.G^6.166; 2.G^.169; 2.G.236.172 
; 2.G^7.228; 2.GJ237^9; 2.G^7^0 
; 2.G.237.238; 2.G237^39; 2.G.237.154 
; 2.G.237.172; 2.GJ237.175; 2.G.237^40 
; 2.G^8.230; 2.G^^1; 2.G.238^ 
; 2.G^.154; 2.G^8.157; 2.G.238.166 
; 2.G^8.240; 2.G^8^44; 2.G^9.228, 
; 2.G.239.236; 2.G.239.237; 2.G.239.238 
; 2.G^9.166; 2.G^9.169; 2.G.239.172 
; 2.G.154.228; 2.G.154.229; 2.G.154.230 
; 2.G.154.238; 2.G.154.239; 2.G.154.154 
; 2.G.154.172; ZG.154.175; 2.G.154.240 
; 2.G.157.230; 2.G.157.231; 2.G.157.236 
; 2.G.157.154; 2.G.157.157; 2.G.157.166 
; 2.G.157.240; 2.G.157J244; 2.G.166:228, 
; 2.G.166^36; 2.G.166.237; 2.G.166.238 
; 2.G.166.166; 2.G.166.169; 2.G.166.172 
; 2.G.169.228; 2.G.169.229; 2.G.169.230 
; 2.G.169.238; 2.G.169.239; 2.G.169.154 
; 2.G.169.172; 2.G.169.175; 2.G.169.240 
; 2.G.172.230; 2.G.172.231; 2.G.172.236 
; 2.G.172.154; 2.G.172.157; 2.G.172.166 
; 2.G.172^40; 2.G.172.244; 2.G.175.228 
; 2.G.175.236; 2.G.175.237; 2.G.175J238 
; 2.G.175.166; 2.G.175.169; 2.G.175.172 
; 2.G.240.228; 2.G.240.229; 2.G^40.230 
; 2.G.240J238; 2.G.240^9; 2.G.240.154 
; 2.G.240.172; 2.G.240.175; 2.G.240.240, 
; 2.G.244.230; 2.G.244.231; 2.G.244.236 
; 2.G.244.154; ZG.244.157; 2.G.244.166 
; 2.G.244.240; ZG.244.244; 



2.G.236.239 
2.G.236.175 
2.G^7^1 
2.G^7.157, 
2.G.237.244, 
2.G.238.237 
2.G.238.169 
2.G.239^ 
2.G.239.239 
2.G.239.175 
2.G.154.231 
2.G.154.157, 
2.G.154.244, 
2.G.157.237, 
2.G.157.169, 
2.G.166^, 
2.G.166.239 
2.G.166.175 
2.G.169.231 
2.G.169.157 
2.G.169^44, 
2.G.172.237 
2.G.172.169 
2.G.175:229 

2.G.175J239 
2.G.175.175 
2.G.240.231 
2.G:240.157 
2.G^40.244, 
2.G.244.237 
2.G^44.169 



Prodrugs of 2.1 

35 2.1.228.228; ZI.228.229; 2X228.230; 2.1.228.231; ZI.228.236; 2.1.228.237; 2.L228.238; 

2.L228.239; 2X228.154; 2.L228.157; 2.1.228.166; 2.L228.169; 2X228.172; 2J.228.175; 

2.1.228.240; 2.L228.244; 2.L229.228; 2.1.229.229; 2.1.229.230; 2.L229J231; 2.1.229.236; 

2.m9J237; 2X229.238; 2.L229.239; 2.1.229.154; 2.1.229.157; 2.1.229.166; 2.1.229.169; 

2.1.229.172; 2.L229.175; 2.1.229.240; 2JJ229.244; 2.L230.228; 2.1.230.229; 2X230230; 
40 2.1.230.231; 2.IJ230.236; 2.1.230.237; 2.1.230.238; 2X230.239; 2.1.230.154; 2.IJ230.157; 

2.L230.166; 2X230.169; 2X230.172; 2J.230.175; 2JJ230.240; 2.L230JZ44t 2X231.228; 

2X231.229; 2X231.230; 2.L231.231; 2.1.231.236; 2.1.231.237; 2J.231.238; ZL231.239; 

2.1.231.154; 2.1.231.157; 2.1.231.166; 2.1.231.169; 2.L231.172; 2.L231.175; 2.1.231.240; 

2.L231.244; 2X236.228; 2X236.229; 2J.236.230; 2X236.231; 2X236.236; 2X236.237; 
45 2.L236.238; 2X236.239; 2.L236.154; 2X236.157; 2X236.166; 2.1.236.169; 2.1.236.172; 

2X236.175; 2.1.236.240; 2X236.244; 2J.237.228; 2.1.237.229; 2.L237.230; 2J.237.231; 
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21237236; 2.1237237; ZI237238; 2.1237239; 2.L237.154; 2.1237.157; 2.L237.166; 

2.1237.169; 2.1237.172; 2.L237.175; 2.1.237.240; 2.1.237244; 2.1.238.228; ZI238.229; 

2J.238.230; 2.L238.231; 2X238.236; ZL238.237; 2.L238.238; 2.L238239; 2J.238.154; 

2.1.238.157; 2.L238.166; 2.L238.169; ZI.238.172; 2.L238.175; 2.L238.240; 2.1.238.244; 
5 2J.239.228; 2.L239.229; 2J.239.230; ZI.239.231; 2.1.239.236; 2.L239.237; 2.1.239.238; 

2 J.239.239; 2.1239.154; 2.1.239.157; 2.L239.166; 2.L239.169; 2.L239.172; 2J.239.175; 

2.L239.240; 2.L239.244; 2.L154.228; 2.1.154229; 2.L154.230; 2.L154.231; 21.154.236; 

2.L154.237; 2.L154.238; 2J.154.239; 2X154.154; 2.L154.157; 2.L154.166; 2J.154.169; 

2.1.154.172; 2X154.175; 2X154.240; 2.1.154.244; 2X157228; 2X157.229; 2.1.157230; 
10 2.L157.231; 2X157.236; 2X157.237; 2J.157.238; 2.L157.239; 2.L157.154; 21.157.157; 

2.L157.166; 2X157.169; 2.1.157.172; 2.1.157.175; 2X157240; 2X157.244; 2J.166.228; 

2.L166229; 2X166.230; 2J.166.231; 2J.166236; 2X166.237; 2.1.166.238; 2J.166.239; 

2X166.154; 2X166.157; 2.L166.166; 2.1.166.169; 2X166.172; 2.L166.175; 2.1.166.240; 

2.1.166.244; 2.1.169.228; 2.L169229; 2J.169230; 2.L169.231; 2X169.236; 2J.169.237; 
15 2X169.238; 2X169.239; 2.1.169.154; 2J.169.157; 2.L169.166; 2.1.169.169; 2.1.169.172; 

2.1.169.175; 2X169.240; 2.L169.244; 2.L172.228; 2X172.229; 2X172.230; 2J.172.231; 

2.1.172.236; 2.1.172.237; 2L172.238; 2J.172.239; 2X172.154; 2.L172.157; 2.L172.166; 

2X172.169; 2.L172.172; 2.L172.175; 2.L172.240; 2.1.172.244; 2.L175.228; 2.1.175.229; 

2J.175.230; 2X175.231; 2L175.236; ZL175.237; 2X175238; 2X175.239; 2.1.175.154; 
20 2.1.175.157; 2.1.175.166; 2X175.169; 2J.175.172; 2.1.175.175; 2.L175.240; 2.1.175.244; 

2 J.240.228; 2.1240229; 2.L240.230; 2.1240231; 2X240236; 2.L240237; 2.L240.238; 

2.L240.239; 2.L240.154; 21.240.157; ZI240.166; 2.1.240.169; 2.L240.172; ZI.240.175; 

2.1240240; 2.1240244; 2.L244228; 2J.244.229; 2.1.244.230; 2.1.244.231; 2L244.236; 

2.1244237; 2.1244.238; 2.1244.239; 2X244.154; 2.1244.157; 2.L244.166; 2J.244.169; 
25 2X244.172; 2.1244.175; 2.L244240; 2J.244.244; 

Prodrugs of 2.T 

2.J228228; 2.J228.229; 2.J.228.230; 2.J.228.231; 2.J228.236; 2.J228.237; 2.J228.238; 

2.J228.239; 2.J228.154; 2.J228.157; 2.J.228.166; 2.J228.169; 2.J228.172; 2.J228.175; 
30 2.J.228.240; 2.J.228.244; 2.J.229.228; 2.J.229.229; 2.J.229.230; 2.J.229.231; 2.J.229.236; 

2.J229.237; 2.J229.238; 2.J.229.239; 2.J.229.154; 2.J.229.157; 2.J.229.166; 2J.229.169; 

2.J.229.172; 2.J.229.175; 2.J.229.240; 2.J.229.244; 2.J230.228; 2.J230229; 2.J230230; 

2.J.230.231; 2.J.230.236; 2.J.230.237; 2.J.230.238; 2.J.230.239; 2.J.230.154; 2.J.230.157; 

2.J.230.166; 2.J230.169; 2.J.230.172; 2.J.230.175; 2.J.230.240; 2.J.230244; 2.J.231228; 
35 2J.231229; 2.J.231.230; 2.J.231.231; 2.J.231.236; 2.J.231.237; 2.J.231.238; 2.J231.239; 

2.J231.154; 2.J231.157; 2.J231.166; 2.J.231.169; 2.J.231.172; 2.J.231.175; 2.J.231.240; 

2.J.231.244; 2.J.236228; 2.J.236.229; 2.J.236230; 2.J.236231; 2.J.236236; 2.J.236.237; 

2.J.236.238; 2.J.236.239; 2.J.236.154; 2.J.236.157; 2.J.236.166; 2.J.236.169; 2.J.236.172; 

2.J236.175; 2.J236240; 2.J236244; 2.J237228; 2.J237229; 2.J.237.230; 2.J.237.231; 
40 2.J237.236; 2.J.237237; 2.J.237.238; 2.J.237239; 2.J.237.154; 2.J.237.157; ZJ.237.166; 

2.J.237.169; 2.J237.172; 2.J.237.175; 2.J.237.240; 2.J.237.244; 2.J238228; 2.J.238.229; 

2.J238.230; 2.J238.231; 2.J.238.236; 2.J.238237; 2.J238238; 2.J.238239; ZJ238.154; 

2.J238.157; 2.J238.166; 2.J238.169; 2.J.238.172; 2.J238.175; 2.J.238240; 2.J238.244; 

2.J239.228; 2.J239.229; 2.J.239.230; 2.J.239.231; 2.J239.236; 2.J239.237; ZJ.239.238; 
45 2.J.239239; 2.J.239.154; 2.J.239.157; 2.J.239.166; 2.J239.169; 2.J239.172; 2,J239.175; 

2.J239.240; 2.J.239244; 2.J.154.228; 2.J.154229; 2.J.154.230; 2.J.154231; 2.J.154.236; 
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10 



15 



20 



25 



30 



35 



40 



2.J.154237, 

2.J.154.172 
2J.157^1 
2.J.157.166 
2.].166J229 
2.J.166.154 
2.J. 166.244 
2.J.169.238 
2J.169.175 
2.J.172^ 
2.J.172.169 
2.J.175.230 

2.J.175.157 
2.J.240.228 

2.P40.239 
2.j:240J240 
2.J.244.237 
2.J.244172 



2.J.154J238 
2.J.154.175 
2.J.157.236 
2.J.157.169^ 
2.J.166^ 

2.J.166.157 
2.J.169.228 
2.J.169.239 
2.J. 169.240 

2.J.172.237 
2.J.172.172 
2.J.175.231 
2J.175.166, 
2J.240.229 
2.J.240.154 
2J.240.244 
2J.244.238 
2.J.244.175 



2.1.154039; 2.J.154.154; 
2J.154.240; 2J.154.244, 
2 J.157.237; 2.J.157J238 
2J.157.172; 2.J.157.175 
2.J.166J231; 2J.166.236 
2 J.166.166; 2.J.166.169 
2 J.169.229; 2J.169.230 
2.J.169.154; 2.J.169.157 
2J.169.244; 2J.172.228 
2J.172.238; 2J.172.239 
2 J.172.175; 2.J.172.240 
2 J.175.236; 2J.175.237 
2 J.175.169; 2.J.175.172, 
2.J.240.230; 2 J.240.231 
2J.240.157; 2J.240.166 
2 J.244J228; 2J.244.229 
2J.244JZ39; 2 J.244.154 
2 J.244J240; 2 J.244.244, 



2.J.154.157; 
2J.157.228; 
2.J.157.239; 
2.J.157J240; 
2.J.166.237; 
2.J.166.172; 
2J.169.231; 
2.J.169.166; 
2.J.172.229; 
2J.172.154; 

2.J.172.244; 
2.J.175.238; 
2.J.175.175; 
2.J.240.236; 
2J.240.169; 

2.J.244.157; 



2.J.154.166 
2. J. 157.229 

2.J.157.154^ 

2.J.157.244 

2J.166.238 

2.J.166.175 

2J.169.236 

2.J.169.169 
ZJ.172.230 

2J.172.157 
2.J.175.228 
ZJ.175.239 

ZJ.175.240, 

2.J.240.237 
ZJ.240-172 
2.J.244.231 
2.j.244.166 



2.J.154.169; 
2.J.157.230; 
ZJ.157.157; 
2.J.166.228; 
2J.166.239; 
2.J.166JZ40; 
2.J.169.237; 
2J.169.172; 
2.J.172.231; 
2.J.172.166; 
ZJ.175.229; 
2.J.175.154; 
2.J.175.244; 
2.J.240.238; 
2.J.240.175; 
2.J.244.236; 
ZJ.244.169; 



45 



Prodrugs of 2.L 

2.L.228.228; 2.LJ228J229; ZL.228.230; ZL.228.231; 2.L.228.236; 2.L.228.237; 
2.L.228.238; 2.L.228.239; 2.L.228.154; 2.L.228.157; 2.L.228.166; 2.L.228.169; 2.L.228.172 
2.L.228.175; 2.L.228.240; 2.L.228.244; 2.L.229.228; 2.L.229.229; 2.L.229.230; 2.L.229.231 
ZLZ29.236; 2.L.229.237; 2.L.229.238; 2.L229.239; 2.L.229.154; 2.L.229.157; 2.L.229.166 
2.L.229.169; 2.L.229.172; 2.L.229.175; 2.L.229.240; 2.L.229.244; 2.L.230.228; 2.L.230.229 
2.L.230.230; 2.L.230.231; 2.L.230.236; 2.L.230.237; 2.L.230.238; 2.L.230.239; 2.L.230.154 
2.L.230.157; 2.L.230.166; 2.L.230.169; 2.L.230.172; 2.L.230.175; 2.L.230.240; 2.L.230.244 
2.L.231.228; 2.L.231.229; 2.L.231.230; 2.L.231.231; 2.L.231.236; 2.L.231-237; 2.L.231.238 
2.L.231.239; 2.L.231.154; 2.L.231.157; 2.L.231.166; 2.L.231.169; 2.L.231.172; 2.LJ231.175 
2.L.231.240; 2.L.231.244; 2.L.236.228; 2.L.236.229; 2.L.236.230; 2.L.236.231; 2.L.236.236 
2.L.236.237; 2.L.236.238; 2.L.236.239; 2.LJ236.154; 2.L.236.157; 2.L.236.166; 2.LJ236.169 
2.L.236.172; 2.L.236.175; 2.L.236Z40; 2.L.236.244; 2.L.237.228; 2.L.237.229; 2.L.237J230 
2.L.237.231; 2.LZ37.236; 2.L.237.237; 2.L.237.238; 2.L.237.239; 2.L.237.154; 2.L.237.157 
2.L.237.166; 2.L.237.169; 2.L.237.172; 2.L.237.175; 2.L.237J240; ZL.237.244; 2.L.238.228 
2.L.238.229; 2.L.238.230; 2.L.238.231; 2.L.238.236; 2.L.238.237; 2.L.238.238; 2.L.238.239 
2.L.238.154; 2.L.238.157; 2.L.238.166; 2.L.238.169; 2.L.238.172; 2.L.238.175; 2.L.238.240 
2.L.238.244; 2.L.239.228; ZL.239.229; 2.L.239.230; 2.L.239Z31; ZL.239.236; 2.L.239.237 
2.L.239.238; 2.L.239.239; 2.L.239.154; 2.L.239.157; 2.L.239.166; 2.L.239.169; 2.L.239.172 
2.L.239.175; 2.L.239.240; ZL.239.244; 2.L.154.228; 2.L.154.229; 2.L.154230; 2.L.154.231 
2.L.154.236; 2.L.154.237; 2.L.154.238; 2.L.154239; 2.L.154.154; 2.L.154.157; 2.L.154.166, 
2.L.154.169; 2.L.154.172; 2.L.154.175; 2.L.154.240; 2.L.154.244; 2.L.157.228; 2.L.157.229 
2.L.157.230; 2.L.157.231; 2.L.157.236; 2.L.157Z37; 2.L.157.238; 2.L.157J239; 2.L.157.154 
2.L.157.157; 2.L.157.166; 2.L.157.169; 2.L.157.172; 2.L.157.175; 2.L.157.240; 2.L.157.244 
2.L.166.228; 2.L.166.229; ZL.166.230; 2.L.166J231; 2.L.166.236; 2.L.166.237; 2.L.166.238 
2.L.166.239; 2.L.166.154; 2.L.166.157; 2.L.166.166; 2.L.166.169; 2.L.166.172; 2.L.166.175 
2.L.166.240; 2.L.166.244; 2.L.169.228; 2.L.169.229; 2.L.169.230; 2.L.169.231; 2.L.169.236 
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2.L.169.237; 2.L.169.238; 2X.169^9; 2.L.169.154; 2.L.169.157; 2.L.169.166; 2.L.169.169; 

2.L.169.172; 2.L.169.175; 2.L.169.240; 2.L.169.244; 2.L.172.228; 2.L.172.229; 2.L.172.230; 

2.L.17Z231; 2.L.172^; 2.L.172^7; ZL.172^; 2.L.172^9; 2X.172.154; 2.L.172.157; 

2X.172.166; 2.L.172.169; 2.L.172.172; 2.L.172.175; 2.L.172.240; 2.L.172.244; 2.L.175.228; 
5 2.L.175.229; 2.L.175.230; 2.L.175.231; 2X.175236; 2.L.175.237; 2.L.175.238; 2.L.175.239; 

2.L.175.154; 2.L.175.157; 2.L;175.166; 2.L.175.169; 2.L.175.172; 2.L.175.175; 2.L.175.240; 

2.L.175.244; 2.L240.228; 2.L.240.229; 2.L.240.230; 2.L.240.231; 2.L.240.236; 2.L.240.237; 

2.L.240.238; 2.X240.239; 2.L.240.154; 2.L.240.157; 2.L.240.166; 2X.240.169; 2.L.240.172; 

2.L.240.175; 2X.240.240; 2.L.240.244; 2.L.244.228; 2.L.244.229; 2.L.244.230; 2.L.244.231; 
10 2.L.244.236; 2.L244.237; 2.L.244J238; 2.L.244.239; 2.L.244.154; 2.L.244.157; 2.L.244.166; 

2.L.244.169; 2.L244.172; 2.L.244.175; 2.L.244.240; 2.L.244J244; 

Prodrugs of 2.0 

2.0.228.228; 2.0.228.229; 2.O.228.230; 2.0.228.231; 2.0.228.236; 2.0.228.237; 
15 2.0228.238; 2.0.228.239; 2.0.228.154; 2.0.228.157; 2.0.228.166; 2.0.228.169; 

2.0.228.172; 2.0.228.175; 2.O.228.240; ZO.228.244; 2.0.229.228; ZO.229.229; 

2.O.229.230; 2.0.229.231; 2.0.229.236; 2.0.229.237; 2.0.229.238; ZO.229.239; 

2.0.229.154; 2.0.229.157; 2.0.229.166; 2.0.229.169; 2.0.229.172; 2.0.229.175; 

2.O.229.240; 2.0.229.244; 2.O.230.228; 2.O.230.229; 2.O.230.230; 2.O.230.231; 
20 ZO.230.236; 2.O.230.237; 2.O.230.238; 2.O.230.239; 2.OJZ30.154; 2.O.230.157; 

2.O.230.166; 2.O.230.169; 2.O.230.172; 2.O.230.175; 2.O.230.240; ZOJ230.244; 

2.0.231.228; 2.0.231.229; 2.O.231.230; 2.0.231.231; 2.0.231.236; 2.0.231.237; 

2.0.231.238; 2.0.231.239; 2.0.231.154; 2.0.231.157; 2.0.231.166; 2.0.231.169; 

2.0.231.172; 2.0.231.175; 2.O.231.240; 2.0.231.244; 2.0.236.228; 2.0.236.229; • 
25 2.O.236.230; ZO.236.231; 2.0.236.236; 2.0.236.237; 2.0.236.238; 2.0.236239; 

2.0.236.154; 2.0.236.157; 2.0.236.166; 2.0.236.169; 2.0.236.172; 2.0.236.175; 

2.O.236.240; 2.0.236.244; 2.0.237.228; 2.0.237.229; 2.O.237.230; 2.0.237.231; 

ZO.237.236; 2.0237237; ZO.237.238; 2.0.237.239; 2.0.237.154; ZO.237.157; 

2.0.237.166; 2.0.237.169; 2.0.237.172; 2.0.237.175; 2.O.237.240; 2.0.237.244; 
30 2.0.238.228; 2.0.238.229; 2.O.238.230; 2.0.238.231; 2.0.238.236; 2.0.238.237; 

2.0.238.238; 2.0.238239; 2.0.238.154; 2.0.238.157; 2.0.238.166; ZO.238.169; 

2.0.238.172; 2.0.238.175; ZO.238.240; 2.0.238.244; 2.0.239.228; 2.0.239.229; 

2.O.239.230; 2.0.239.231; 2.0239.236; 2.0.239^7; 2.0^9.238; 2.0.239.239; 

2.0.239.154; 2.0.239.157; 2;0.239.166; 2.0.239.169; 2.0.239.172; ZO.239.175; 
35 2.O.239.240; 2.0.239.244; 2.0.154.228; 2.0.154.229; 2.O.154.230; 2.0.154.231; 

2.0.154.236; ZO.154.237; ZO.154.238; 2.0.154239; 2.0.154.154; ZO.154.157; 

2.0.154.166; 2.0.154.169; 2.0.154.172; 2.0.154.175; 2.O.154.240; 2.0.154.244; 

ZO.157.228; 2.0.157.229; ZO.157.230; 2.0.157.231; 2.0.157236; ZO.157.237; 

2.0.157.238; 2.0.157.239; 2.0.157.154; ZO.157.157; 2.0.157.166; ZO.157.169; 
40 2.0.157.172; ZO.157.175; 2.O.157.240; 2.0.157.244; 2.0.166.228; 2.0.166.229; 

2.O.166.230; 2.0.166231; ZO.166.236; 2.0.166.237; 2.0.166.238; ZO.166.239; 

2.0.166.154; ZO.166.157; 2.0.166.166; ZO.166.169; 2.0.166.172; 2.0.166.175; 

2.O.166.240; Z0.166244; ZO.169.228; 2.0.169.229; ZO.169.230; 2.0.169.231; 

2.0.169.236; ZO.169.237; 2.0.169.238; 2.0.169.239; 2.0.169.154; 2.0.169.157; 
45 2.0.169.166; ZO.169.169; ZO.169.172; 2.0.169.175; 2.O.169.240; ZO.169.244; 

2.0.172.228; ZO.172.229; ZO.172.230; 2.0.172.231; 2.0.172.236; ZO.172.237; 
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10 



15 



20 



25 



30 



35 



40 



2.0.172.238; 
2.0.172.172; 
2.0.175^; 
2.0.175.154; 
2.0.175^40; 
2.O.240.236; 
2.O.240.166; 
2.0.244.228; 
2.0.244.238; 
2.0.244.172; 



2.0.172.239; 
2.0.172.175; 
2.0.175.231; 
2.0.175.157; 
ZO.175.244; 
2.O.240.237; 
2.O.240.169; 
2.0.244.229; 
2.0.244.239; 
2.0.244.175; 



2.0.172.154; 
2.O.17Z240; 
2.0.175.236; 
2.0.175.166; 
2.OJ240.228; 
2.O.240.238; 
2.O.240.172; 
ZO.244.230; 
2.0.244.154; 
2.O.244.240; 



2.0.172.157; 
2.0.172.244; 
2.0.175.237; 
2.0.175.169; 
2.O.240.229; 
2.O.240.239; 
2.O-240.175; 
2.0.244.231; 
2.0.244.157; 
2.0JZU2M; 



2.0.172.166 
2.0.175.228 
2.0.175.238 
2.0.175.172 
2.O.240.230, 
2.O.240.154, 
2.O.240J240, 
2.0.244.236. 
2.0.244.166; 



2.0.172.169; 
2.0.175.229; 
2.0.175.239; 
2.0.175.175; 
2.O.240.231; 
ZO.240.157; 
2.O.240.244; 
2.0.244237; 
2.0.244.169; 



Prodrugs of 2.P 

ZPJ228.228; 2.P.228.229; ZPJ228.230; 2.P.228.231; 2.P.228.236; 2.PJ228.237; 



45 



2.P.228.238; ZP^8.239 
2.P.228.175; 2^.228:240 
2JP.229.236; ZP.229.237 
2.P.229.169; 2.PZ29.172 
2.P.230.230; 2JP.230.231 
2.P.230.157; ZP.230.166 
2.P.231.228; 2J'.231229 
2.P.231.239; 2^.231.154 
2.P.231.240; 2.P.231.244, 
2.P.236.237; 2JP.236.238, 
2.P.236.172; 2.P.236.175 
2.P.237.231; 2.P.237.236 
2JPJ237.166; ZP.237.169 
2.P.238.229; 2.P.238.230 
2JP.238.154; 2^.238.157^ 
2.P.238.244; ZP.239.228 
2.P.239.238; 2.P.239.239 
ZP.239.175; 2JP.239.240 
2.P.154.236; 2.P.154J237, 
2J>.154.169; 2JP.154172, 
2:P.157.230; ZP.157.231 
2.P.157.157; 2.P.157.166 
2 J».166J228; 2J.166.229 
2.P.166.239; ZP.166.154 
2JP.166.240; ZP.166Z44 
2.P.169.237; 2J'.169.238, 
2.P.169.172; 2.P.169.175 
2.P.172.231; 2J*.172.236, 
2.P.172.166; 2.P.172.169 
2.P.175.229; 2.P.175.230, 

2.P.175.154; 2J.175.157 
2.P.175.244; 2^.240:228 
2^.240.238; 2^.240.239 



2J>.228.154; 2.P.228.157; ZPJ228.166; 2JP.228.169 
2.P.228.244; 2.P.229.228; 2.P.229.229; 2P.229.230 
2.P.229.238; ZPZ29.239; ZP.229.154; 2.P.229.157 
2J.229.175; 2.P.229.240; 2.P.229.244; 2.P.230.228 
2.P.230.236; ZP.230.237; ZP230.238; 2 J.230Z39 
2.P.230.169; 2.PJ230.172; ZP.230.175; 2.P.230.240 
2.P.231.230; 2.P.231.231; 2.P.231.236; 2.P.231.237 
ZP.231.157; ZP.231.166; ZP.231.169; 2.P.231.172, 
2.P.236.228; 2.P.236.229; ZP.236.230; 2.P.236.231 
2.P.236Z39; ZP.236.154; 2 J.236.157; 2JP.236.166 
ZP.236.240; 2PZ36.244; ZP.237.228; 2.P.237.229 
2.P.237.237; 2.P.237.238; ZP.237.239; 2.P.237.154 
2.P.237.172; ZP.237.175; ZP.237.240; 2.P.237.244 
2.P.238.231; 2.P.238.236; 2.P.238.237; 2.P.238.238 
2.P.238.166; ZP.238.169; ZP.238.172; 2.P.238.175 
2.P.239.229; ZP.239 J30; 2.P.239.231; 2.P.239.236 
2.P.239.154; ZP.239.157; 2.P.239.166; 2.P.239.169 
2P.239.244; 2.P.154.228; 2P.154.229; 2P.154.230, 
2.P.154.238; ZP.154239; 2.P.154.154; 2.P.154.157 
2P.154.175; ZP.154.240; ZP.154.244; 2.P.157.228, 
2P.157.236; 2P.157.237; 2P.157.238; 2P.157.239 
2P.157.169; 2.P.157.172; ZP.157.175; 2P.157.240 
2.P.166.230; 2.P.166231; 2P.166.236; 2.P.166Z37 
2.P.166.157; ZP.166.166; 2.P.166.169; 2.P.166.172. 
2.P.169.228; ZP.169.229; ZP.169.230; 2.P.169.231 
2.P.169.239; ZP.169.154; 2P.169.157; 2.P.169.166 
2.P.169.240; 2.P.169.244; 2.P.172.228; 2.P.172.229 
2.P.172.237; ZP.172J238; 2P.17Z239; 2.P.172.154 
2P.172.172; ZP.172.175; ZP.172.240; 2.P.172.244 
ZP.175.231; 2.P.175.236; 2.P.175.237; 2P.175.238 
2.P.175.166; 2P.175.169; 2P.175.172; 2.P.175.175 
2.P.240.229; 2.P.240.230; 2.P.240.231; 2.P.240.236 
2.P.240.154; 2P.240.157; 2P.240.166; 2.P.240.169 



2.P.228.172; 
2P.229.231; 
2P.229.166; 
2.P.230.229; 
ZP.230.154; 
2.P.230.244; 
2.P.231.238; 
2P.231.175; 
2.P.236.236; 
ZPJ236.169; 
2.P.237J230; 
2.P.237.157; 
ZPJ38.228; 
2.P.238.239; 
ZPJ238.240; 
2.P.239.237; 
2.P.239.172; 
ZP.154.231; 
2.P.154.166; 
ZP.157.229; 
ZP.157.154; 
2.P.157.244; 
ZP.166.238; 
ZP.166.175; 
ZP.169.236; 
ZP.169.169; 
2.P.172.230; 
2P.17Z157; 
ZP.175.228; 
2.P.175.239; 
ZP.175.240; 
2.P.240.237; 
2P.240.172; 
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2.P.240.175; 2.P.240^40; 2.P240.244; 2.T2MJ28; 2J»^44.229; 2^^44.230; 2^.244^1; 
2.P^44236; 2J»^44^7; 2P244^8; 2.P^44-239; 2.P^44.154; 2J'^44.157; ZP.244.166; 
2.P.244.169; 2JP^44.172; 2J»^44.175; 2 J»^44J240; 2^.244^44; 

5 Prodrugs of 2.U 

2.U.228.228; 2.U.228.229; 2XJ22B230; 2.U.228^1; 2.U.228.236; 2.U228237; 

2.U.228^; 2.U^.239; 2.U^.154; 2.U.228.157; 2.U22SA66) 2.U.228.169; 

2.U.228.172; ZU^.175; 2.U^.240; 2.U^JZ44; ZV:229J22S; ZUJ229J229; 

2.U.229.230; 2.U.229.231; 2.U.229.236; 2.U.229.237; 2.U.229.238; 2.U.229^9; 
10 2,U.229.154; 2X5J29.157; 2.U.229.166; 2.U^.169; 2.U^.172; 2.U^9.175; 

2.U.229.240; 2.U.229.244; 2.U.230.228; 2.U.230^9; 2.UJ230^0; ZU^O.231; 

2.U.230^6; 2.U^^7; 2.U.230.238; 2.U.230.239; 2.U.230.154; 2.U.230.157; 

2.U^0.166; 2.U^.169; 2.U^0.i72; 2.U.230.175; 2.U.230.240; 2.U.230.244; 

2.U.231.228; 2.U.231.229; 2.U.231.230; 2.U^1.231; 2.U.231.236; 2.U.231.237; 
15 2.U.231^38; 2.U^1^9; ZU.231.154; 2.U^1.157; 2.U^1.166; 2.U.231.169; 

2.U^1.172; 2.U.231.175; ZU.231.240; 2.U.231.244; 2.U^.228; ZU^.229; 

2.U.236^; ZU^.231; 2.U.236.236; 2.U.236.237; 2.U.236.238; 2.U.236.239; 

2.U.236.154; 2.U.236.157; ZU.236.166; 2.U.236.169; 2.U.236.172; 2.U^6.175; 

2.U.236.240; 2.U.236.244; ZU.237^8; 2.U.237.229; 2.U.237.230; 2.U.237.231; 
20 2.U.237^; 2XS237J237} 2.UJ237:23S; 2X5237:239; 2.U.237.154; 2.U.237.157; 

2.U.237.166; 2.U.237.169; 2.U.237.172; 2.UJ237.175; 2.U.237.240; 2.U.237.244; 

2.U.238^; 2.U.238.229; 2.U.238.230; 2.U.238.231; 2.U.238.236; 2.U.238:237; 

2.U.238^; 2.U.238.239; 2.U.238.154; 2.U.238.157; 2.U.238.166; 2.U^.169; 

2.U.238.172; 2.U.238.175; 2.U.238.240; 2.U.238.244; 2.U.239.228; ZU^9J229; 
25 2.U.239^0; 2.U.239.231; 2.13239J236} 2.V.239237; 2.U.239.238; 2.U.239.239; 

2.U.239.154; 2.U^9.157; 2.U.239.166; 2.U^9.169; 2.U.239.172; 2.U^9.175; 

2.U.239.240; 2.U.239.244; 2.U.154.228; 2.U.154.229; 2.U.154.230; 2.U.154.231; 

2.U.154^; 2.U.154^7; 2.U.154.238; 2.U.154^9; 2.U.154.154; 2.U.154.157; 

2.U.154.166; 2.U.154.169; ZU.154.172; 2.U.154.175; 2.U.154^40; ZU.154^44; 
30 2.U.157.228; 2.U.157.229; 2.U.157.230; 2.U.157.231; 2.U.157.236; 2.U.157.237; 

2.U.157.238; 2.U.157^9; 2.U.i57.154; 2.U.157.157; 2.U.157.166; 2.U.157.169; 

2.U.157.172; 2.U.157.175; 2.U.157.240; 2.U.157.244; 2.U.166.228; 2.U.166.229; 

2.U.166J230; 2.U.166.231; ZU.166.236; 2.U.166^7; 2.U.166:238; ZU.166.239; 

2.U.166.154; 2.U.166.157; 2.U.166.166; 2.U.166.169; 2.U.166.172; 2.U.166.175; 
35 2.U.166:240; 2.U.166^44; 2.U.169.228; 2.U.169.229; 2.U.169.230; 2.U.169.231; 

2.U.169^; 2.U.169^7; 2.U.169.238; 2.U.169.239; 2.U.169.154; 2.U.169.157; 

2.U.169.166; 2.U.169.169; 2.U.169.172; 2.U.169.175; 2.U.169.240; 2.U.169.244; 

2.U.172.228; 2.U.172^; ZU.172^0; 2.U.17Z231; 2.U.172.236; 2.U.172.237; 

2.U.172:238; 2.U.172.239; 2.U.172.154; 2.U.172.157; 2.U.172.166; 2.U.172.169; 
40 2.U.172.172; 2.U.172.175; 2.U.172^40; 2.U.172-244; 2.U.175.228; 2.U.175.229; 

2.U.175.230; 2.U.175231; 2.XJA75236; 2.U.175.237; 2.U.175^; 2.U.i75.239; 

2.U.175.154; 2.U.175.157; ZU.175.166; 2.U.175.169; 2.U.175.172; 2.U.175.175; 

2.U.175.240; 2.U.175^44; ZU^40^; ZU.240.229; 2.U.240.230; ZU^40^1; 

2.U.240.236; 2.U^40^7; ZU^40:238; 2.U^40.239; 2.U.240.154; ZU.240.157; 
45 2.U^40.166; 2.U.240.169; 2.U^40.172; 2.U.240.175; 2.U.240^40; ZU^40J244; 

9TT744 77S; 2.U.244^9; ZU^44.230; 2.U^44231; 2.U^44^6; 2.U^44J237; 
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2.U-244^; 2JJJZU.1M; 2.U.244.157; 2.U^44.166; 2.U.244.169; 

2.U^44.172; 2.U^44.175; 2.U:244^40; 2.U.244^44; 

Prodrugs of 2.W 

5 2M.22822S; 2.Vf 228229; ZW22B230', 2.W22S.231; 2.Vf22S236; 2JW 22&237; 

2.W.228.238; 2.W.228^9; 2.W.228.154; 2.W^8.157; 2.W^.166; 2.Vf 228.169; 

2}N 228.172; 2.W.228.175; 2.W.228.240; 2.W^8.244; ZW229.228; 2.W^9.229; 

2.W^^; 2.W229231; 2M229236; 2.W229237; 2.WJ229.238; 2.W229239; 

2.W.229.154; 2.W.229.157; 2.W^9.166; 2.W.229.169; 2.W.229.172; 2.W.229.175; 
10 2.W.229^40; 2.WJ229^44; 2.W^228; 2.W.230.229; ZWJZ30.230; 2.W.230231; 

2.W.230.236; 2.W.230.237; 2.W^0238; 2.W.230^39; ZW.230.154; 2.W^.157; 

2.W.230.166; 2.W^30.169; 2.W.230.172; 2.W.230.175; 2.W.230.240; 2.W.230.244; 

2.W.231^8; 2.W^1.229; 2.Yf231230; 2.W.231^1; 2.W.231.236; 2.W^1J237; 

2.W.231.238; 2.W.231.239; ZW.231.154; 2.W.231.157; 2.W.231.166; 2.W.231.169; 
15 2.W.231.172; 2.W^1.175; 2.y/ 231.240; 2.W23124A; ZW236.228; 2.W.236229; 

2.W.236.230; 2.W^6.231; 2.W.236.236; 2.W.236J237; ZW.236.238; 2.W.236.239; 

2.W.236.154; 2.W.236.157; ZW^6.166; 2.W.236.169; 2.W.236.172; 2.W.236.175; 

2.W.236.240; 2.W.236.244; 2M 237.228; 2.'W.237229; ZW237.230; 2.W.237231; 

2.W.237.236; 2.W.237.237; ZW.237.238; 2.W^37.239; 2.W.237.154; 2.W.237.157; 
20 2.W.237.166; 2.W.237.169; ZWJ237.172; 2.W.237.175; 2.W:237.240; 2.V/237244; 

2.W.238.228; 2.W.238.229; 2.W.238.230; 2.WJ238.231; ZW^8.236; 2.W.238237; 

2.W.238.238; 2.W.238.239; 2.W.238.154; 2.WJ238.157; 2.W.238.166; 2.W.238.169; 

2.W^8.172; 2-W.238.175; 2.W.238.240; 2.W.238.244; ZW.239.228; 2.W.239.229; 

2.W.239.230; 2.W.239.231; 2.W.239.236; 2.W.239.237; 2.W.239.238; 2.W.239.239; 
25 2.W.239.154; 2.W.239.157; ZW.239.166; 2.W.239.169; 2.W239.172; 2.W.239.175; 

2.W.239.240; 2.W.239.244; 2.W.154.228; 2.W.154.229; ZW.154.230; 2.W.154.231; 

2.W.154.236; 2.W.154.237; 2.W.154J238; 2.W.154.239; 2.W.154.154; 2.W.154.157; 

2.W.154.166; 2.W.154.169; ZW.154.172; 2.W.154.175; 2.W.154.240; 2.W.154.244; 

2.W.157.228; 2.W.157.229; 2.W.157.230; 2.W.157.231; 2.W.157.236; 2.W.157.237; 
30 2.W.157.238; 2.W.157.239; 2.W.157.154; 2.W.157.157; 2.W.157.166; 2.W.157.169; 

2.W.157172; 2.W.157.175; 2.W.157.240; 2.W.157.244; 2.W.166.228; 2.W.166.229; 

2.W.166.230; 2.W.166.231; 2.W.166.236; 2.W.166.237; 2.W.166.238; 2.W.166.239; 

2.W.166.154; 2,W.166.157; 2.W.166.166; 2.W.166.169; ZW.166*172; 2.W.166.175; 

2.W.166.240; 2.W.166.244; 2.W.169.228; 2.W.169.229; 2.W.169.230; 2.W.169.231; 
35 2.W.169.236; 2.W.169.237; 2.W.169.238; 2.W.169.239; 2.W.169.154; 2.W.169.157; 

2.W.169.166; 2.W.169.169; ZW.169.172; 2.W.169.175; 2.W.169.240; 2.W.169244; 

2.W.172.228; 2.W.172.229; ZW.172.230; 2.W.172.231; 2.W.172.236; 2.W.172.237; 

2.W.172.238; 2.W.172.239; 2.W.172.154; 2.W.172.157; ZW.172.166; 2.W.172.169; 

2.W.172.172; 2.W.172.175; 2.W.172.240; 2.W.172.244; 2.W.175.228; 2.W.175.229; 
40 2.W.175.230; 2.W.175.231; 2.W.175.236; 2.W.175.237; ZW.175.238; 2.W.175.239; 

2.W.175.154; 2-W.175.157; 2.W.175.166; 2.W.175.169; 2.W.175.172; 2.W.175.175; 

2.W.175.240; 2.W.175.244; ZW.240228; 2.W.240.229; 2.W.240.230; 2.W.240.231; 

2.W.240.236; 2.WJ240.237; ZWJ240.238; 2.W.240.239; 2.WJ240.154; 2.W.240.157; 

2.W.240.166; 2.W.240.169; ZW.240.172; 2.W.240.175; 2.W.240.240; 2.W.240.244; 
45 2.WJ244.228; 2.WJ244.229; 2.WJ244J230; 2.W.244J231; ZW.244J236; 2.W.244J237; 
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2.W.244^38; 2.W.244.239; 2.W^44.154; 2.W^44.157; ZW^44.166; 2.W.244.169; 
2.WJ244.172; 2.W^44.175; 2.WJ244^40; 2.WJ244J244; 

Prodrugs of 2.Y 

5 2.Y ^223; Z.Y22B^; 2.YJ228230; ZY:228^1; ZYJ228J236; ZY.228237; 

2.Y^8^8; ZY^8.239; 2.Y.228.154; 2.Y.228.157; 2.Y.228.166; 2.Y^.169; 

2.Y.228.15^; ZY.228.175; 2.Y.228.240; 2.Y.228.244; 2.Y^9.228; 2.Y.229.229; 

2.Y^.230; 2.Y^.231; ZY.229^6; ZY.22?^7; 2.Y^^; 2.Y.229239; 

2.Y.229.154; 2.Y.229.157; ZY.229.166; 2.Y.229.169; 2.Y:229.172; 2.Y.229.175; 
10 ZY.229.240; ZY^.24^ 2.Y.230.228; ZY^O.229; 2.Y.230:230; 2.Y^J231; 

2.YJ230.236; 2.Y.230.237; 2.Y.230^38; 2.Y.230.239; 2.YJ230.154; 2.Y.230.157; 

2.Y.230.166; 2.Y.230.169; 2.Y.230.172; 2.Y.230.175; 2.Y.230.240; ZY.230.244; 

2.Y.231.228; 2.Y.231.229; 2.Y^1.230; 2.YJ231.231; 2.Y J31236; 2.YJ231^7; 

2.Y.231.238; 2Y.231.239; 2.Y^31.154; 2.Y.231.157; 2.Y.231.166; 2.Y^1.169; 
15 2.Y.231.172; 2.Y.231 .175; 2.Y JZ31J240; 2.YJ231.244; 2.Y.236.228; 2.Y.236.229; 

ZY.236.230; 2.Y.236.231; 2.Y.236.236; 2.Y.236.237; 2.Y.236.238; 2.Y.236.239; 

2.Y.236.154; 2Y.236.157; 2.Y.236.166; 2.Y.236.169; 2.Y.236.172; 2.Y.236.175; 

2.Y.236.240; ZY.236.24^ 2.Y.237J128; 2.YJ237J229; ZY.237.230; 2.Y.237.231; 

2.Y.237.236; 2.Y.237.237; 2.YJ237.238; 2.Y.237.239; 2.Y.237.154; 2.Y.237.157; 
20 ZY.237.166; 2.Y.237.169; 2.Y.237.172; 2.Y.237.175; 2.Y.237.240; 2.Y.237.244; 

2.Y.238.228; 2.Y.238.229; 2.Y.238.230; 2.Y.238.231; 2.Y.238.236; 2.Y.238.237; 

2.Y.238.238; 2.Y.238.239; 2.Y.238.154; 2.Y.238.157; 2.Y.238.166; 2.Y.238.169; 

ZY.238.172; 2.Y.238.175; 2.Y.238.240; ZYJ238J244; 2.Y.239J228; 2.Y.239.229; 

2.Y:239.230; 2Y239.231; 2.Y.239.236; 2.Y.239.237; 2.Y.239.238; 2.Y.239.239; 
25 2.Y.239.154; 2.Y.239.157; 2.Y.239.166; 2.Y.239.169; 2.Y:239.172; 2.Y.239.175; 

ZY.239.240; ZY.239.244; ZY.154228; ZY.154.229; 2.Y.154230; 2.Y.154Z31; 

2.Y.154.236; ZY.154.237; ZY.154.238; 2.Y.154.239; 2.Y.154.154; 2.Y.154.157; 

2.Y.154.166; 2.Y.154.169; 2.Y.154172; ZY.154175; 2.Y.154.240; 2.Y.154.244; 

2.Y.157.228; 2.Y.157.229; ZY.157.230; 2.Y.157.231; 2.Y.157.236; 2.Y.157.237; 
30 2.Y.157.238; ZY.157.239; 2.Y.157.154; 2.Y.157.157; 2.Y.157.166; 2.Y.157.169; 

2.Y.157.172; 2.Y.157.175; 2.Y.157.240; ZY.157J244; 2.Y.166.228; 2.Y.166Z29; 

2.Y.166.230; ZY.166.231; ZY.166.236; 2.Y.166.237; 2.Y.166.238; 2.Y.166.239; 

ZY.166.154; ZY.166.157; 2.Y.166.166; 2.Y.166.169; 2.Y.166.172; 2.Y.166.175; 

ZY.166.240; ZY.166.244; ZY.169.228; ZY.169.229; ZY.169.230; ZY.169.231; 
35 2.Y.169.236; ZY.169.237; 2.Y.169.238; 2.Y.169.239; 2.Y.169.154; 2.Y.169.157; 

ZY.169.166; ZY.169.169; 2.Y.169.172; 2.Y.169.175; 2.Y.169.240; 2.Y.169.244; 

2.Y.172.228; ZY.172.229; 2.Y.17Z230; 2.Y.172J231; 2.Y.17Z236; 2.Y.17Z237; 

2.Y.172.238; ZY.172.239; 2.Y.172.154; 2.Y.17Z157; 2.Y.17Z166; 2.Y.172.169; 

ZY.172.172; 2.Y.172.175; ZY.172.240; ZY.172.244; ZY.175.228; 2.Y.175229; 
40 2.Y.175.230; 2.Y.175.231; 2.Y.175.236; 2.Y.175.237; 2.Y.175.238; 2.Y.175.239; 

ZY.175.154; 2.Y;175.157; ZY.175.166; ZY.175.169; 2.Y.175.172; ZY.175.175; 

2.Y.175:240; ZY.175^44; ZY.240.228; 2.Y.240.229; 2.Y.240230; 2.Y.240.231; 

2.Y.240.236; 2.Y.240.237; 2.Y.240.238; 2.Y.240.239; 2.Y.240.154; ZY.240.157; 

2.Y.240.166; ZY.240.169; ZY.240.172; ZYJ240.175; 2.Y.240.240; 2.Y.240.244; 
45 2.Y.244.228; ZY.244:229; ZYJ244J230; ZYJ244.231; 2.Y.244J236; 2.Y.244.237; 
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2.YJ244.238; 2.YJ244.239; ZY.244.i54; ZY.244.157; 2.Y.244.166; 2.YJ244.169; 

2. Y.244.172; 2.YJ244.175; ZY.244.240; 2.Y.244.244; 

Prodrugs of 3.B 

5 3.B.228.228; 3.B.228.229; 3.B.228.230; 3.B.228.231; 3.B.228.236; 3.B.228.237; 

3. B.228.238; 3.B.228.239; 3.B.228.154; 3.B.228.157; 3.B.228.166; 3.B.228.169; 3.B.228.172. 
3.B.228.175; 3.B.228.240; 3.B.228.244; 3.B.229.228; 3.B.229.229; 3.B^9.230; 3.B.229.231 
3.BJ229.236; 3.BJ229.237; 3.B.229.238; 3.B.229.239; 3.B.229.154; 3.B.229.157; 3.B.229.166 
3.B.229.169; 3.B.229.172; 3.B.229.175; 3.B.229.240; 3.B.229.244; 3.B.230.228; 3.B.230.229 

10 3.B.230.230; 3.B.230.231; 3.B.230.236; 3.B.230.237; 3.B.230.238; 3.B.230.239; 3.B.230.154. 
3.BJ230.157; 3.B.230.166; 3.B.230.169; 3.B.230.172; 3.B.230.175; 3.B230.240; 3.B.230.244, 
3.B.231.228; 3.B.231.229; 3.B.231.230; 3.B.231.231; 3.B.231.236; 3.B.231.237; 3.B.231.238 
3.B.231.239; 3.B.231.154; 3.B.231.157; 3.B.231.166; 3.B.231.169; 3.B231.172; 3.B.231.175 
3.B.231.240; 3.Bj231.244; 3.B.236.228; 3.B.236.229; 3.B.236.230; 3.B.236.231; 3.B.236.236 

15 3.B.236.237; 3.B.236J238; 3.B.236.239; 3.B.236.154; 3.B.236.157; 3.B.236.166; 3.B.236.169 
3.BJ236.172; 3.BJ236.175; 3.BJ236.240; 3.BJ236.244; 3.B.237J228; 3.BJ237.229; 3.B.237230 
3.B.237.231; 3.B.237.236; 3.B.237.237; 3.B.237.238; 3.B.237.239; 3.B.237.154; 3.B.237.157, 
3.B.237.166; 3.B.237.169; 3.B.237.172; 3.B.237.175; 3.B.237.240; 3.B.237J244; 3.B.238.228 
3.B.238.229; 3.B.238.230; 3.B.238.231; 3.B.238.236; 3.B.238.237; 3.B238.238; 3.B.238.239 

20 3.B.238.154; 3.B.238.157; 3.B.238.166; 3.B.238.169; 3.B.238.172; 3.B.238.175; 3.B.238.240 
3.B.238.244; 3.BJ239.228; 3.B.239J229; 3.B.239J230; 3.B.239.231; 3.B239.236; 3.B.239.237 
3.B.239.238; 3.B.239.239; 3.B.239.154; 3.B.239.157; 3.B.239.166; 3.B.239.169; 3.BJ239.15^, 
3.BJ239.175; 3.B.239.240; 3.B.239.244; 3.B.154.228; 3.B.154^9; 3.B.154.230; 3.B.154.231 
3.B.154.236; 3.B.154.237; 3.B.154.238; 3.B.154.239; 3.B.154.154; 3.B.154157; 3.B.154.166 

25 3.B.154.169; 3.B.154.172; 3.B.154.175; 3.B.154.240; 3.B.154.244; 3.B.157.228; 3.B.157.229 
3.B.157.230; 3.B.157.231; 3.B.157J236; 3.B.157.237; 3.B.157.238; 3.B.157.239; 3.B.157.154, 
3.B.157.157; 3.B.157.166; 3.B.157.169; 3.B.157.172; 3.B.157.175; 3.B.157.240; 3.B.157.244, 
3.B.166.228; 3.B.166.229; 3.B.166.230; 3.B.166.231; 3.B.166.236; 3.B.166.237; 3.B.166.238 
3.B.166.239; 3.B.166.154; 3.B.166.157; 3.B.166.166; 3.B.166.169; 3.B.166.172; 3.B.166.175 

30 3.B.166.240; 3.B.166.244; 3.B.169.228; 3.B.169.229; 3.B.169.230; 3.B.169.231; 3.B.169.236 
3.B.169.237; 3.B.169.238; 3.B.169.239; 3.B.169.154; 3.B.169.157; 3.B.169.166; 3.B.169.169 
3.B.169.172; 3.B.169.175; 3.B.169.240; 3.B.169.244; 3.B.172.228; 3.B.172.229; 3.B.172.230, 
3.B.172.231; 3.B.172.236; 3.B.172.237; 3.B.172.238; 3.B.172.239; 3.B.172.154; 3.B.172.157i 
3.B.172.166; 3.B.172.169; 3.B.17Z172; 33.172.175; 3.B.17Z240; 3.B.172.244; 3.B.175,228, 

35 3.B.175.229; 3.B.175.230; 3.B.175.231; 3.B.175.236; 3.B.175.237; 3.B.175.238; 3.B.175.239 
3.B.175.154; 3.B.175.157; 3.B.175.166; 3.B.175.169; 3.B.175.172; 3.B.175.175; 3.B.175.240 
3.B.175.244; 3.B.240.228; 3.B.240.229; 3.B.240.230; 3.B.240.231; 3.B.240.236; 3.6.240.237; 
3.B.240.238; 3.B.240.239; 3.B.240.154; 3.B.240.157; 3.B^40.166; 3.B.240.169; 3.B.240.172 
3.B.240.175; 3.B.240.240; 3.B.240.244; 3.B.244.228; 3.B.244.229; 3.B.244.230; 3.B.244.231 

40 3.B.244.236; 3.B.244.237; 3.B.244.238; 3.B.244.239; 3.B.244.154; 3.B244.157; 3.B.244.166, 
3.B.244.169; 3.B.244.172; 3.B.244.175; 3.B.244.240; 3.B.244.244; 

Prodrugs of 3.D 

3.D.228228; 3.D.228229; 3.D.228.230; 3.D.228.231; 3.D.228.236; 3.D.228.237; 
45 3.D.228.238; 3.D.228.239; 3.D.228.154; 3.D.228.157; 3.D.228.166; 3.D.228.169; 
3.DJ228.172; 3.D.228.175; 3.D.228.240; 3.D.228.244; 3.D.229.228; 3.D.229.229; 
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3.D229.230 
3.D.229.154 
3.D229^40 
3.D.230.236 
3.D230.166 
3.D.231.228 
3.D231.238 
3.D.231.172 
3.D^36J230 
3.D236.154 
3.D236.240 
3.D237^ 
3.D237.166 
3.D.238.228 
3.D.238.238 
3.b.238.172 
3.D.239.230 
3.D.239.154! 
3.D.239.240 
3.D.154.236 
3.D.154.166 
3.D.157.228 
3.D.157.238 
3.D.157.172^ 
3.D.166.230 
3.D.166.154^ 
3.D.166.240 
3.D.169^6 
3.D.169.166 

3.D.172^8 
3.D.172.238 
3.D.172.172 
3.D.175.230 
3.D.175.154' 
3.D.175.240 
3.D.240.236 
3.D^40.166 
3.D.244.228 

3.D^44^8 
3.D^44.172 



3.D.229231 
3.D.229.157. 
3.D^9^44, 
3.D.230^7 
3.D^.169 
3.D.231.229 
3.D.231239 
3.D^31.175 
3.D^6.231 
3.D236.157 
3.D^6.244^ 
3.DJ37.237, 
3.D.237.169 
3.D.238.229 
3.D.238.239 
3.D^.175 
3.D.239.231 
3.D.239.157 
3.D.239.244 

3.D.154.237 
3.D.154.169 

3.D.157^9 
3.D.157.239 
3.D.157.175 
3.D.166.231 
3.D.166.157 
3.D.166.244 

3.D,169^7 
3.D.169.169 
3.D.172.229 
3.D.172.239 
3.D.172.175 
3.P.175.231 
3.D.175.157 
3.D.175.244 
3.D.240.237 
3.D.240.169 
3.D.244229 
3.D.244^9 
3.D.244175 



3.D.229236, 
3.D.229.166, 
3.D.230J128 
3.D^30;238 
3.D^.172, 
3.D.231.230 
3.D231.154, 
3.D231^40 
3.D^6.236, 
3.D^.166 
3.D237.228, 
3.D^7.238 
3.D237.172 
3.D.238^ 
3.D.238.154, 
3.D.238J240 
3.D.239.236 
3.D.239.166 
3.D.154.228 

3.D.154.238 
3.D.154.172 
3.D.157.230 
3.D.157.154 
3.D.157.24Q 
3.D.166.236 
3.D.166.166i 
3.D.169.228 



3.D.169.238, 
3.D.169.172 
3.D.172230, 
3.D.172.154 
3.D.172.240 
3.D.175J36 
3.D.175.166 

3.DJ240.228 
3.D.240.238 
3.D.240.172 
3.D.244.230 

3.D.244.154 
3.DJ:4424Q 



3.D^9237; 
3.D^9.169; 
3.D.230.229; 
3.D^0.239; 
3.D.230.175; 
3.D.231.231; 
3.D.231.157; 
3.D.231244; 
3.D.236.237; 
3.D.236.169; 
3.D.237.229; 
3.D.237239', 
3.D.237.175; 
3.DJ23SJ231; 
3.D.238.157; 
3.D^8^44; 
3.D.239^37; 
3.D.239.169; 
3.D.154.229; 
3.D.154.239; 
3.D.154.175; 
3.D.157J231; 
3.D.157.157; 
3.D.157^44; 
3.D.166.237; 
3.D.166.169; 
3.D.169.229; 
3.D.169^9; 
3.D.169.175; 
3.D.172.231; 
3.D.172.157; 
3.D.172.244; 
3.D.175^7; 
3.D.175.169; 
3.D^40^; 
3.D.240.239; 
3.0:240.175; 
3.D.244.231; 
3.D.244.157; 
3.D.244.244; 



3.DJ229.238 
3.D.229.172 
3.D.230.230, 
3.D.230.154 
3.D.23G.240 
3.D.231.236^ 
3.D.231.166, 
3.D.236.228 

3.D.236.238 
3.D.236.172 

3.D.237.230 

3.D.237.154 
3.D.237.240 
3.D.238.236 
3.D.238.166. 
3.D.239.228 
3.D.239.238 
3.D.239.172 
3.D.154.230 

3.D.154.154 
3.D.154.240 
3.D.157.236 
3.D.157.166 
3.D.166.228 
3.D.166.238 
3.D.166.172 
3.D.169.230 
3.D.169.154 
3.D.169.240 
3.D.172.236 
3.D.172.166 
3.D.175.228 
3.D.175.238 
3.D.175.172 

3.D.240.230 
3.D.240.154! 
3.D.240.240^ 
3.D.244.236 
3.D.244.166 



3.D229239; 
3.D229.175; 
3.DJ30231; 
3.DJ230.157; 
3.DJ230.244; 
3.D.231237; 
3.D.231.169; 
3.D.236229; 
3.D.236.239; 
3.D.236.175; 
3.D.237231; 
3.D.237.157; 
3.D.237.244; 
3.D.238.237; 
3.D.238.169; 
3.D.239229; 
3.D.239.239; 
3.D.239.175; 
3.D.154.231; 
3.D.154,157; 
3.D.154.244; 
3.D.157.237; 
3.D.157.169; 
3.D.166229; 
3.D.166.239; 
3.D.166.175; 
3.D.16931; 
3.D.169.157; 
3.D.169.244; 
3.D.172.237; 
3.D.172.169; 
3.D.175.229; 
3.D.175.239; 
3.D.175.175; 
3.D.240.231; 
3.D.240.157; 
3.D.240244; 
3.D.244.237; 
3.D.244.169; 



45 



Prodrugs of 3.E 

3.E.228.228; 3.E.228.229; 3.E228.230; 3.E.228.231; 3.E.228.236; 3.E.228237; 
3.E.228.238; 3.E.228.239; 3^.228.154; 3.E.228.157; 3.E.228.166; 3.E.228.169; 3.E.228.172; 
3.E.228.175; 3.E.228.240; 3.E.228.244; 3.E.229.228; 3^.229.229; 3JE.229.230; 3JE.229.231; 
3.E.229.236; 3.E229.237; 3.E.229238; 3.E.229.239; 3.B.229.154; 3.E.229.157; 3EJ29.166; 
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3^229.169 
3.E.230.230 

3JB.230.157 
3.E.231.228 

3^.231239 
3.E.231.240 
3^.236^7 
3.E.236.172 
3.E.237.231 
3.E.237.166 
3.E.238.229 
3^.238.154^ 
3.E.238.244 
3.E.239.238 
3.E.239.175 
3.E.154236 
3.E.154.169 
3.E.157.230 
3.E.157.157 
3.E.166.228 
3.E.166.239 
3.E.166.240 

3.E.169.237 
3.E.169.172 

3.E.172.231 
3.E.172.166 
3.E.175.229 
3.E.175.154 
3.E.175.244 
3.E.240238 
3.E240.175 
3.E.244.236 
3.E.244.169 



3.E229.172; 
3.E.230.231; 
3.E.230.166; 
3.E.231.229; 
3.E231.154; 
3JE.231.244; 
3.E236.238; 
3.E.236.175; 
3.E.237236; 
3.E.237.169; 
3.E.238.230; 
3.E.238.157; 
3.E.239.228; 
3.E.239.239; 
3.E.239.240; 
3.E.154.237; 
3.E.154.172; 
3.E.157.231; 
3.E.157.166; 
3.E.166J229; 
3.E.166.154; 
3.E.166.244; 
3.E.169.238; 
3.E.169.175; 
3.E.172.236; 
3.E.172.169; 
3.E.175.230; 
3.E.175.157; 
3.E.240.228; 
3.E.240.239; 
3.E.240.240; 
3.E.244237; 
3.E244172; 



3.E.229.175 
3.E.230.236 

3i.230.169 
3.E.231.230 

3JE.231.157 
3.E.236.228 

3JE.236.239 

3.E.236.240 

3.E.237.237 
3.E.237.172 
3.E.238.231 
3.E.238.166 
3.E.239.229 
3.E.239.154 
3.E.239.244 
3.E.154238 
3.E.154.175 
3.E.157236 
3.E.157.169 
3.E.166.230 

3.E.166.157 
3JE.169J28 
3.E.169.239 
3.E.169.240 
3.E.172.237 
3.E.172.172 
3.E.175.231 
3.E.175.166 
3.E240.229 
3.E.240.154 
3.E.240.244 
3.E.244238 
3JE.244175 



3.E.229.240; 
3.E.230.237; 
3JE.230.172; 
3.E.231.231; 
3.E.231.166; 
3.E.236.229; 
3.E.236.154; 
3.E.236.244; 
3.E.237.238; 
3.E.237.175; 
3.E.238.236; 
3.E.238.169; 
3.E.239.230; 
3.E.239.157; 
3.E.154.228; 
3JB.154.239; 
3.E.154.240; 
3.E.157:237; 
3.E.157.172; 
3.E.166.231; 
3.E.166.166; 
3.E.169.229; 
3.E.169.154; 
3.E.169244; 
3.E.172.238; 
3.E.172.175; 
3.E.175.236; 
3.E.175.169; 
3.E.240230; 
3.E.240.157; 
3.E.244228; 
3JE.244.239; 
3;E.244.240; 



3JE229.244; 
3JEJ230.238; 
3.E.230.175; 
3.E231.236; 
3.E.231.169; 
3.E.236230; 
3.E.236.157; 
3^.237228; 
3.E.237.239; 
3.E.237.240; 
3.E.238.237; 
3.E.238.172; 
3JB.239.231; 
3.E.239.166; 
3.E.154.229; 

3.E.154.244; 
3.E.157J238; 
3JB.157.175; 
3£.166.236; 
3.E.166.169; 
3.E.169.230; 
3.E.169.157; 
3.E.172.228; 
3.E.17Z239; 
3.E.172.240; 
3.E.175.237; 
3.E.175.172; 
3£.240.231; 
3.E.240.166; 
3.E.244.229; 

3.E.244.244; 



3.E.230.228; 
3.E.230239; 
3.E.230.240; 
3.E.231237; 
3.E.231.172; 
3.E.23623i; 
3.E.236.166; 
3.EJ237.229; 
3.E.237.154; 
3JB.237.244; 
3.E.238.238; 
3.E.238.175; 
3.E.239.236; 
3.E.239.169; 
3.E.154.230; 

3.E.157.228; 
3.E.157.239; 
3.E.157.240; 
3.E.166.237; 
3.E.166.172; 
3JE.169.231; 
3.E.169.166; 
3.E.172.229; 
3.E.172.154; 
3.E.172.244; 
3JE.175.238; 
3.E.175.175; 
3.E.240.236; 
3.E.240.169; 
3.E.244.230; 
3.E.244.157; 



3.E.230.229; 
3.E.230.154; 
3.E.230.244; 
3.E.231.238; 
3.E.231.175; 
3.E.236.236; 
3.E.236.169; 
3.E.237.230; 
3.E.237.157; 
3.E.238.228; 
3.E.238.239; 
3.E.238J240; 
3.E.239.237; 
3.E.239.172; 
3.E.154.231; 
3.E.154.166; 
3.E.157.229; 
3JE.157.154; 
3.E.157.244; 
3J2.166^; 
3.E.166.175; 
3.E.169.236; 
3.E.169.169; 
3.E.172.230; 
3.E.17Z157; 
3.E.175.228; 
3.E.175.239; 
3.E.175.240; 
3.E.240.237; 
3.E.240.172; 
3£.244.231; 
3.E.244.166; 



45 



Prodrugs of 3.G 

3.G.228.228; 3.G.228.229; 3.G228.230; 3.G.228.231; 3.G.228.236; 3.G.228.237; 
3.G J28.238; 3.G.228.239; 3.G.228.154; 3.G.228.157; 3.G.228.166; 3.G.228.169; 
3.G.228.172; 3.G.228.175; 3.G.228.240; 3.G.228.244; 3.G.229.228; 3.G.229.229; 
3.G.229.230; 3.G.229.231; 3.G.229.236; 3.G.229.237; 3.G.229.238; 3.G.229.239; 
3.G.229.154; 3.G.229.157; 3.G229.166; 3.G.229.169; 3.G.229.172; 3.G.229.175; 
3.G229.240; 3.G229.244; 3.G.230.228; 3.G.230.229; 3.G.230.230; 3.G.230.231; 
3.G.230.236; 3.G.230.237; 3.G.230.238; 3.G.230.239; 3.G.230.154; 3.G.230.157; 
3.G.230.166; 3.G.230.169; 3.G.230.172; 3.G.230.175; 3.G.230.240; 3.G.230.244; 
3.G231.228; 3.G.231.229; 3.G.231.230; 3.G.231J231; 3.G.231.236; 3.G231.237; 
3.G.231 J38; 3.G.231.239; 3.G.231.154; 3.G.231.157; 3.G.231.166; 3.G.231.169; 
3.G.231.172; 3.G.231.175; 3.G.231.240; 3.G.231.244; 3.G.236228; 3.G.236229; 
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10 



15 



20 



25 



30 



35 



40 



3.G236230 

3.G^.154 
3.G.236J:40, 
3.G237J236 
3.GJ37.166 
3.G.238^8 
3.G.238^8 
3.G^.172 
3.G.239.230 

3.G.239.154 
3.G.239.240 
3.G.154.236, 

3.G.154.166 
3.G.157.228 

3.G.157.238 

3.G.157.17? 

3.G.166.230 

3.G.166.154 
3.G.166.240 
3.G.169^6! 
3.G.169.166 
3.G.172.228 
3.ai72^38, 
3.G.172.172 
3.G.175.230 
3.G.175.154^ 
3.G.175^40 
3.G.240.236 

3.G^40.166 
3.G.244.228 

3.G:244.238 
3.G^44.172 



3.G.236.231 
3.G^6.157 
3.G236^44, 
3.G.237J37 
3.G.237.169 
3.G^.229 
3.GJ238J239 
3.G.238.175 
3.G.239.231 
3.G.239.157 
3.G.239.244 
3.G.154237i 
3.G.154.169 
3.G.157229 
3.G.157.239 

3.G.157.175 
3.G.166.231 
3.G.166.157 
3.G.166.244 
3.G.169^7 
3.G.169.169 
3.G.17Z229 
3.G.172^9 
3.G.172.175 
3.G.175.231 
3.G.175.157 
3.G.175^44 
3.G.240.237 
3.G.240.169 
3.G^44.229 
3.G.244^9 
3.G^44.175 



3.G236.236; 3.G.236.237; 3.G.236.238 
3.G^6.166; 3.G^.169; 3.G.236.172 
3.G.237.228; 3.G.237.229; 3.G.237.230 
3.G.237.238; 3.G^7239; 3.G.237.154, 
3.G.237.172; 3.G.237.175; 3.G.237.240 
3.G238.230; 3.G^.231; 3.G.238^36 
3.G.238.154; 3.G.238.157; 3.G.238.166 
3.G238.240; 3.G^.244; 3.G.239^, 
3.G.239.236; 3.G.239.237; 3.G.239.238 
3.GJ239.166; 3.G.239.169; 3.G.239.172 
3.G.154.228; 3.G.154.229; 3.G.154.230 
3.G.154.238; 3.G.154.239; 3.G.154.154 
3.G.154.172; 3.G.154.175; 3.G.154.240 
3.G.157.230; 3.G.157.231; 3.G.157^6 
3.G.157.154; 3.G.157.157; 3.G:157;166 
3.G.157.240; 3,G.157.244; 3.G.166^, 
3.G.166.236; 3.G.166.237; 3.G.166.238 
3.G.166.166; 3.G.166.169; 3.G.166.172 
3.G.169.228; 3.G.169.229; 3.G.169.230 
3.G.169^; 3.G.169^9; 3.G.169.154 
3.G.169.172; 3.G.169.175; 3.G.169.240 
3.G.172^; 3.G.172.231; 3.G.172.236 
3.G.172.154; 3.G.172.157; 3.G.172.166 
3.G.172.240; 3.G.172.244; 3.G.175.228 
3.G.175.236; 3.G.175^7; 3.G.175^8 
3.G.175.166; 3.G.175.169; 3.G.175.172 
3.G^40.228; 3.G^40^9; 3.G^40.230 
3.G.240.238; 3.G.240.239; 3.G^40.154, 
3.G240.172; 3.G.240.175; 3.GJZ40J240 
3.G.244230; 3.G.244.231; 3.G.244.236^ 
3.G244.154; 3.G.244.157; 3.G.244.166 
3.G.244.240; 3.G.244.244; 



3.G.236.239 
3.G.236.175 
3.G.237.231 
3.G237.157, 
3.G.237.244, 

3.G^8.237 
3.G.238.169 
3.G239^ 
3.G.239.239 
3.G239.175 
3.G.154.231 
3.G.154.157; 
3.G.154.244, 

3.G.157.237 
3.G.157.169 

3.G.166.229 
3.G.166.239 
3.G.166.175 
3.ai69^31 
3.G.169.157, 
3.G.169.244 
3.G.172.237 
3.G.172.169 
3.G.175.229 
3.G.175.239 
3.G.175.175 
3.G240^1 
3.G.240.157 

3.G^40.244 
3.G.244.237 

3.G^44.169 



Prodrugs of 3.1 

3.L228.228; 3.L228.229; 3.L228.230; 3.1.228.231; 3X228.236; 3X228.237; 3 J.228.238; 



3.1.228.239; 3.1.228.154; 3.1.228.157; 3.1.228.166; 3.1.228.169 



45 



3.L228.240; 3.L228.244; 3.L229.228; 3.L229.229; 
3.1.229.237; 3.L229.238; 3.1.229.239; 3.L229.154 
3.1.229.172; 3.L229.175; 3.L229.240; 3.1.229.244, 
3.1.230.231; 3.1230.236; 3 J230.237; 3.1230.238, 
3.1.230.166; 3.1.230.169; 3X230.172; 3.1230.175. 
3.1.231229; 3.L231230; 3J231.231; 3J231236 
3.1.231.154; 3.1.231.157; 3X231.166; 3J231.169. 
3.L231.244; 3.L236.228; 3.L236.229; 3.1236230 
3.1.236.238; 3.1.236.239; 3.1.236.154; 3.1.236.157 
3.1236.175; 3X236.240; 3X236244; 3X237228; 



3.1229.230 
3.I229.15Z 
3X230.228 
3.1230239 
3.1.230.240 
3J231.237 
3.1.231.172. 
3.1236.231 
3.1.236.166 
3.1237229; 



3.L228.172; 3 J228.175. 
3X229.231; 3.1.229.236 
3.1.229.166; 3.1229.169 
3.1.230.229; 3.1.230.230^ 
3X230.154; 3.1230.157, 
3.L230.244; 3.1231228, 
3.1231.238; 3X231239 
3.L231.175; 3.1.231240, 
3.1236.236; 3.1236.237, 
3X236.169; 3.1.236.172 
3.1237.230; 31237.231; 
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3.U37.236; 

3.L237.169; 

3.1^^0; 

3.1^.157; 
5 3.1.239^8; 

3.U39^9; 

3.1.239240; 

3X154^7; 

3.1.154.172; 
10 3.1.157.231; 

3J.157.166; 

3.1.166.229; 

3.L166.154; 

3.L166J244; 
15 3.1.169.238; 

3.L169.175; 

3.1.172.236; 

3.L172.169; 

3.1.175.230; 
20 3.1.175.157; 

3.L240J228; 

3.L240.239; 

3.L240.240; 

3.1.244.237; 
25 3J.244.172; 



3X237^7; 

3X237.172 
3X238^1 
3.I.238.166' 
3.L239.229 
3X239.154t 
3.L239.244, 
3X154^, 
3.L154.175, 
3.L157.236, 
3.L157.169 
3.L166.230 

3X166.157 
3X169.228 
3.L169.239 
3X169.240^ 

3.L172.237 
3X172.172 

3.L175.231 

3.1.175.166 
3X240.229, 
3.L240.154, 
3X240.244, 
3.L244.238 
3.L244.175 



3.L237238; 
3.L237.175; 
3.L238.236; 
3X238.169; 
3X239.230; 
3.1.239.157; 
3.1.154.228; 
3X154239; 
3X154240; 
3.1.157.237; 
3X157.172; 
3X166231; 
3X166.166; 
3X169.229; 
3J.169.154; 
3X169244; 
3J.172238; 
3.L172.175; 
3X175236; 
3.1.175.169; 
3.1240230; 
3.1.240.157; 
3.L244228; 
3.L244.239; 
3.L244.240; 



3J.237239 
3.1237240 
3X238237 
3J238.172 
3.1.239231 
3.1239.166 
3.1.154.229 

3X154.244 
3.L157.238 
3X157.175 
3.L166236 

3X166.169 
3X169.230 

3.1.169.157 
3.1.172228 

3.1.172.239 

3X17Z240 

3.1.175.237 
3.1.175.172 

3J240231 
3.1.240.166 

3X244229 
3.1244.154 
3J.244244 



3X237.154; 
3X237.244; 
3X238.238; 
3.1238.175; 
3J.239.236; 
3.1239.169; 
3J.154.230; 
3.L154.157; 
3.1.157.228; 
3J.157.239; 
3.1.157.240; 
3J.166.237; 
3.L166.172; 
3X169.231; 
3.1.169.166; 
3.H72.229; 
3X172.154; 
3X172.244; 
3X175.238; 
3.1.175.175; 
3.1240.236; 
3.1.240.169; 
3X244.230; 
3.L244.157; 



3X237.157; 
3.L238.228; 
3X238239; 
3.1.238.240; 
3J.239.237; 
3X239.172; 
3.1.154.231; 
3X154.166; 
3.L157.229; 
3.L157.154; 
3.L157244; 
3.L166.238; 
3.L166.175; 
3X169.236; 
3.1.169.169; 
3.L172230; 
3J.172.157; 
3.L175228; 
3.L175239; 
3.1.175.240; 
3.1240237; 
3.1.240.172; 
3.L244231; 
3X244.166; 



3.L237.166 
3J.238.229 
3.1238.154, 
3X238244 
3J.239.238 

3.1.239.175 
3.1.154.236 
3.1.154.169 

3.1.157.230 
3J.157.157 
3X166228 
3J.166239 
3.L166240 

3J.169237 
3J.169.172 

3X172231 

3J.172.166 
3X175229 
3.1.175.154 
3J.175244 
3X240238 
3J.240.175 
3.1.244236 
3.1244.169 



Prodrugs of 3.T 

3.J.228.228; 3.J.228.229; 3J.228.230; 3.J.228.231; 3.J.228.236; 3.J.228.237; 3.J.228.238; 

3.J228.239; 3.J.228.154; 3.J.228.157; 3.J228.166; 3.J.228.169; 3.J.228.172; 3.J228.175; 
30 3.J.228.240; 3.J.228.244; 3.J.229.228; 3.J.229.229; 3.J.229.230; 3.J.229231; 3.J.229.236; 

3.J229.237; 3.J229238; 3.J229239; 3.J.229.154; 3.J.229.157; 3.J.229.166; 3.J.229.169; 

3.J.229.172; 3.J229.175; 3.J.229.240; 3.J.229244; 3.J.230.228; 3.J230229; 3.J.230230; 

3.J.230.231; 3.J230.236; 3.J230237; 3.J.230238; 3.J.230.239; 3.J.230.154; 3.J230.157; 

3.J230.166; 3.J.230.169; 3.J230.172; 3.J.230.175; 3.J230240; 3.J230244; 3.J.231228; 
35 3.J.231.229; 3.J.231.230; 3.J.231231; 3.J.231.236; 3.J231.237; 3.J.231238; 3.J.231.239; 

3.J231.154; 3.J.231.157; 3.J231.166; 3.J.231.169; 3.J231.172; 3.J231.175; 3.J.231240; 

3.J.231.244; 3.J236.228; 3.J.236.229; 3 J.236230; 3.J.236.23i; 3.J236236; 3.J236237; 

3.J.236.238; 3.J236.239; 3.J.236.154; 3.J.236.157; 3.J236.166; 3.J.236.169; 3.J.236.172; 

3.J236.175; 3.J236.240; 3.J.236.244; 3.J237228; 3.J237229; 3.J.237230; 3.J.237231; 
40 3.J237.236; 3.J.237.237; 3.J.237.238; 3.J.237.239; 3.J237.154; 3.J.237.157; 3.J.237.166; 

3.J237.169; 3.J237.172; 3.J.237.175; 3.J237240; 3.J237.244; 3.J.238228; 3.J238229; 

3.J238.230; 3.J238.231; 3.J.238.236; 3.J.238237; 3.J238.238; 3.J.238239; 3.J238.154; 

3.J.238.157; 3.J238.166; 3.J.238.169; 3.J.238.172; 3.J.238.175; 3.J.238.240; 3.J.238.244; 

3.J239228; 3.J.239.229; 3.J.239.230; 3.J.239231; 3.J239236; 3.J.239237; 3.J239238; 
45 3.J.239.239; 3.J.239.154; 3.J.239.157; 3.J.239.166; 3.J239.169; 3.J.239.172; 3.J.239.175; 

3.J239240; 3.J239244; 3.J.154.228; 3.J.154.229; 3.J.154230; 3.J.154231; 3.J.154236; 



- 126 - 



wo 03/090690 



PCTAJS03/12901 



10 



15 



3.J.154237, 
3J.154172 

3.J.157^1 
3.J.157.166 
3.J.166.229 
3J.166.154 
3J.166.244 
3J.169.238 
3J.169.175 
3J.172.236 
3J.172.169 
3J.175.230 
3J.175.157, 
3J.240.228 
3J.240.239 
3J.240.240 

3J.244.237 
3J.244172 



3.J.154.238, 
3.J.154.175 

3J.157.236 
3.J.157.169 
3J.166.230 
3J.166.157 
3J.169.228 
3J.169.239 
3J.169.240 

3J.172.237 
3J.172.172, 

3J.175.231 
3J.175.166 
3J.240.229 
3J.240.154 
3J.240.244, 
3J.244.238 
3J.244.175 



3.J.154.239; 
3J.154.24D; 
3.J.157.237; 
3.J.157.172; 
3J.166.231; 
3J.166,166; 
3.J.169i29; 
3.J.169.154; 
3J.169J244; 
3J.172.238; 
3.J.172.175; 
3.J.175.236; 
3J.175.169; 
3.J.240.230; 
3J.240.157; 
3J.244.228; 
3J.244.239; 
3J.244.240; 



3J.154.154 

3J.157.238; 
3.J.157.175 

3J.166.236 
3.J.166.169, 

3.J.169.230 
3.J.169.157 

3J.172J228 
3J.172.239 
3.J. 172.240 

3J.175.237 
3J.175.172 
3.J.240.231 
3.J.240.166 
3.J.244.229 

3»J»2L44».!^44/ 



3.J.154.157 
3.J.157J228, 

3.J.157.239 
3.J.157.240, 

3.J.166.237 
3.J.166.172 
3.J.169231 
3J.169.166 
3.J.172.229 
3.J.172.154, 
3.J.172.244 
3.J.175238, 

3.J.175.175 
3.J.240.236 

3.J.240.169 
3J.244.230 
3.J.244.157; 



3.J.154.166 
3.J.157.229 
3J.157.154, 
3J.157.244, 

3.ji66.238 
3.J.166.175 
3J.169.236 
3J.169.169 
3.J.172.230 
3.J.172.157 
3J.175.228 

3.J.175.239 
3.J.175.240, 

3.JJ240.237 
3.J.240.172 
3J.244.231 
3.J.244.166 



3.J.154.169; 
3.J.157.230; 
3.J.157.157; 
3J166.228; 
3.J.166.239; 
3J.166.240; 
3.J.169.237; 
3J.169.172; 
3.J.172.231; 
3J.172.166; 
3.j:i75.229; 
3.J.175.154; 

1 75 •!2>44/ 
3.J.240.238; 
3.J.240.175; 
3.JJ244.236; 
3.J.244.169; 



20 Prodrugs of 3.L 

3.L.228.228; 3.L.228.229; 3.L.228.230; 3.L.228.231; 3.L.228.236; 3.L.228.237; 

3.L.228.238; 3.L.228.239; 3.L.228.154; 3.L.228.157; 3.L.228.166; 3.L.228.169; 3.L.228.172; 

3.L.228.175; 3.L.228.240; 3.L.228.244; 3.L.229.228; 3.L.229.229; 3.L.229.230; 3.L.229.231; 

3.L.229J236; 3.L.229.237; 3.LJ229.238; 3.L.229.239; 3.L.229.154; 3.L.229.157; 3.L.229.166; 
25 3.L.229.169; 3.L.229.172; 3.L.229.175; 3.L.229.240; 3.L.229.244J 3.L.230.228; 3.L.230.229; 

3.L.230.230; 3.L.230.231; 3.L.230.236; 3.L.230.237; 3.L.230.238; 3.L.230.239; 3.L.230.154; 

3.L.230.157; 3.L.230.166; 3.L.230.169; 3.L.230.172; 3.L.230.175; 3.L.230.240; 3.L.230.244; 

3.L231.228; 3.L.231.229; 3.L.231.230; 3.L.231.231; 3.L.231.236; 3.L.231.237; 3.L.231.238; 

3.LJ231.239; 3.L.231.154; 3.L.231.157; 3.L.231.166; 3.L.231.169; 3.L.231.172; 3.L.231.175; 
30 3.L.231.240; 3.L.231.244; 3.L.236.228; 3.L.236.229; 3.L.236.230; 3.L.236.231; 3.L.236.236; 

3.L.236.237; 3.L.236.238; 3.L.236.239; 3.L.236.154; 3.L.236.157; 3.L.236.166; 3.L.236.169; 

3.L.236.172; 3.L.236.175; 3.L.236.240; 3.L.236.244; 3.L.237.228; 3.L.237.229; 3.L.237J230; 

3.L.237.231; 3.L.237.236; 3.L.237.237; 3.L.237J238; 3.L.237.239; 3.L.237.154; 3.L.237.157; 

3.L.237.166; 3.L.237.169; 3.L.237.172; 3.L.237.175; 3.L.237.240; 3.L.237.244; 3.L.238.228; 
35 3.L.238^; 3.L.238.230; 3.L.238.231; 3.L.238.236; 3.L.238.237; 3.L.238.238; 3.L.238.239; 

3.L.238.154; 3.L.238.157; 3.L.238.166; 3.L.238.169; 3.L.238.172; 3.L.238.175; 3.L.238.240; 

3.L.238.244; 3.L.239J228; 3.L.239.229; 3.L.239.230; 3.L.239.231; 3.L.239.236; 3.L.239.237; 

3.L.239.238; 3.L.239.239; 3.L.239.154; 3.L.239.157; 3.L.239.166; 3.L.239.169; 3.L.239.172; 

3.L.239.175; 3.L.239.240; 3.L.239.244; 3.L.154J228; 3.L.154.229; 3.L.154.230; 3.L.154.231; 
40 3.L.154.236; 3.L.154.237; 3.L.154.238; 3.L.154.239; 3.L.154.154; 3.L.154.157; 3.L.154.166; 

3.L.154.169; 3.L.154.172; 3.L.154.175; 3.L.154.240; 3.L.154.244; 3.L.157.228; 3.L.157.229; 

3.L.157J230; 3.L.157231; 3.L.157.236; 3.L.157.237; 3.L.157.238; 3.L.157.239; 3.L.157.154; 

3.L.157.157; 3.L.157.166; 3.L.157.169; 3.L.157.172; 3.L.157.175; 3.L.157.240; 3.L.157.244; 

3.L.166.228; 3.L.166.229; 3.L.166.230; 3.L.166.231; 3.L.166.236; 3.L.166.237; 3.L.166.238; 
45 3.L.166.239; 3.L.166.154; 3.L.166.157; 3.L.166.166; 3.L.166.169; 3.L.166.172; 3.L.166.175; 

3.L.166.240; 3.L.166.244; 3.L.169J228; 3.L.169.229; 3.L.169.230; 3.L.169.231; 3.L.169J236; 
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3.L.169.237; 3.L.169238; 3.L.169.239; 3.L.169.154; 3.L.169.157; 3.L.169.166; 3.L.169.169; 
3.L.169.172; 3.L.169.175; 3.L.169.240; 3.L.169^44; 3.L.172.228; 3.L.172.229; 3X.172.230; 
3.L.172.231; 3.L.172236; 3.L.172^7; 3.L.172^; 3.L.172^9; 3.L.172.154; 3.L.172.157; 
3.L.17Z166; 3.L.172.169; 3.L.17Z172; 3.L.172.175; 3.L.172.240; 3.L.172.244; 3.L.175.228; 
5 3.L.175^; 3.L.175^; 3.L.175.231; 3.L.175J236; 3.L.175^7; 3.L.175^8; 3.L.175.239; 
3.L.175.154; 3.L.175.157; 3.L.175.166; 3.L.175.169; 3.L.175.172; 3.L.175.175; 3.L.175.240; 
3.L.175.244; 3.L^40^; 3.L.240.229; 3.L.240.230; 3.L.240.231; 3.L.240.236; 3.L.240.237; 
3.L^40.238; 3.L.240.239; 3.L^40.154; 3.L.240.157; 3.L.240.166; 3.L^40.169; 3.L.24ai72; 
3.L^40.175; 3.L.240.240; 3.L.240.244; 3.L.244.228; 3.L.244.229; 3.L.244.230; 3.L.244.231; 
10 3.L.244.236; 3.L.244237; 3.L.244.238; 3.L^44.239; 3.L244.154; 3.L^44.157; 3.L.244.166; 
3.L.244.169; 3.L.244.172; 3.L.244.175; 3.L^44.240; 3.L.244.244; 

Prodrugs of 3.0 

3.0.228.228; 3.0.228.229; 3.O.228.230; 3.0.228.231; 3.0.228.236; 3.0.228J237; 
15 3.0.228^; 3.0^8.239; 3.0.228.154; 3.0^.157; 3.0228.166; 3.0.228.169; 

3.0.228.172; 3.0.228.175; 3.O.228.240; 3.0.228.244; 3.0.229.228; 3.0.229.229; . 

3.O.229.230; 3.0^.231; 3.0^9.236; 3.0.229.237; 3.0.229.238; 3.0.229.239; 

3.0.229.154; 3.0.229.157; 3.0.229.166; 3.0.229.169; 3.0.229.172; 3.0^9.175; 

3.O.229.240; 3.0.229.244; 3.O.230.228; 3.O.230.229; 3.O.230.230; 3.O.230.231; 
20 3.OJ230.236; 3.O.230J237; 3.O.230.238; 3.0:230.239; 3.O.230.154; 3.OJ230.157; 

3.O.230.166; 3.O.230.169; 3.O.230.172; 3.O.230.175; 3.O.230.240; 3.O.230.244; 

3.0.231.228; 3.0.231.229; 3.O.231.230; 3.0.231.231; 3.0.231.236; 3.0.231.237; 

3.0.231.238; 3.0.231.239; 3.0.231.154; 3.0J231.157; 3.0.231.166; 3.0J231.169; 

3.0.231.172; 3.0.231.175; 3.O.231.240; 3.0.231.244; 3.0.236.228; 3.0.236.229; 
25 3.O.236.230; 3.0J236.231; 3.0.236^; 3.0.236.237; 3.0.236.238; 3.0.236.239; 

3.0J236.154; 3.0.236.157; 3.0.236.166; 3.0.236.169; 3.0.236.172; 3.0.236.175; 

3.O236.240; 3.0.236.244; 3.0.237.228; 3.0.237.229; 3.O.237.230; 3.0.237.231; 

3.0.237:236; 3.0.237.237; 3.0.237.238; 3.0J237.239; 3.0237.154; 3.0.237.157; 

3.0.237.166; 3.0.237.169; 3.0.237.172; 3.0.237.175; 3'O.237.240; 3.0.237.244; 
30 3.0.238.228; 3.0J238.229; 3.O238.230; 3.0.238.231; 3.0.238.236; 3.0.238.237; 

3.0.238.238; 3.0.238.239; 3.0.238.154; 3.0J238.157; 3.0.238.166; 3.0^238.169; 

3.0.238.172; 3.0.238.175; 3.O.238J240; 3.0.238.244; 3.0.239.228; 3.0.239.229; 

3.O.239.230; 3.0.239.231; 3.0.239^; 3.0.239.237; 3.0239^; 3.0.239.239; 

3.0.239.154; 3.0.239.157; 3.0.239.166; 3.0.239.169; 3.0J239i.l72; 3.0.239.175; 
35 3.O.239.240; 3.0.239.244; 3.0.154.228; 3.0.154.229; 3.O.154.230; 3.0.154.231; 

3.0.154.236; 3.0.154.237; 3.0.154.238; 3.0.154.239; 3.0.154.154; 3.0.154.157; 

3.0.154.166; 3.0.154.169; 3.0.154.172; 3.0.154.175; 3.O.154.240; 3.0.154.244; 

3.0.157.228; 3.0.157.229; 3.O.157.230; 3.0.157.231; 3.0.157.236; 3.0.157.237; 

3.0.157.238; 3.0.157.239; 3.0.157.154; 3.0.157.157; 3.0.157.166; 3.0.157.169; 
40 3.0.157.172; 3.0.157.175; 3.O.157.240; 3.0.157.244; 3.0.166.228; 3.0.166.229; 

3.O.166.230; 3.0.166.231; 3.0.166.236; 3.0.166.237; 3.0.166.238; 3.0.166.239; 

3.0.166.154; 3.0.166.157; 3.0.166.166; 3.0.166.169; 3.0.166.172; 3.0.166.175; 

3.O.166.240; 3.0.166.244; 3.0.169.228; 3.0.169.229; 3.O.169.230; 3.0.169.231; 

3.0.169.236; 3.0.169.237; 3.0.169.238; 3.0.169.239; 3.0.169.154; 3.0.169.157; 
45 3.0.169.166; 3.0.169.169; 3.0.169.172; 3.0.169.175; 3.O.169.240; 3.0.169.244; 

3.0.172J228; 3.0.172.229; 3.O.172J230; 3.0.172J231; 3.0.172J236; 3.0.172J237; 
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3.0.172.238; 3.0.172^9; 3.0.172.154; 3.0.172.157; 3.0.172.166; 3.0.172.169; 

3.0.172.172; 3.0.172.175; 3.O.172.240; 3.0.172.244; 3.0.175.228; 3.0.175.229; 

3.O.175.230; 3.0.175^1; 3.0.175.236; 3.0.175^7; 3.0.175^; 3.0.175.239; 

3.0.175.154; 3.0.175.157; 3.0.175.166; 3.0.175.169; 3.0.175.172; 3.0.175.175; 
5 3.0.175^40; 3.0.175.244; 3.O.240.228; 3.O.240.229; 3.O.240.230; 3.O.240.231; 

3.O.240.236; 3.O.240.237; 3.O.240.238; 3.O.240.239; 3.O.240.154; 3.O.240.157; 

3.O.240.166; 3.O.240.169; 3.O.240.172; 3.O.240.175; 3.O.240.240; 3.O.240.244; 

3.0.244.228; 3.0.244.229; 3.O.244.230; 3.0.244.231; 3.0.244236; 3.0.244.237; 

3.0.244.238; 3.0.244.239; 3.0.244.154; 3.0.244.157; 3.0.244.166; 3.0.244.169; 
10 3.0.244.172; 3.0.244.175; 3.O.244.240; 3.0.244.244; 

Prodrugs of 3.P 

3.P.228.228; 3.P.228.229; 3JP.228.230; 3.P.228.231; 3^.228.236; 3^.228.237; 

3.P.228.238; 3.P.228.239; 3.P.228.154; 3.P.228.157; 3.P.228.166; 3.P.228.169; 3.P.228.172; 
15 3.P.228.175; 3.P.228.240; 3J.228.244; 3.P.229.228; 3.P.229.229; 3.P.229.230; 3.P.229.231; 

3.P.229.236; 3.P.229.237; 3.P.229.238; 3.P.229.239; 3.P.229.154; 3^.229.157; 3.P.229.166; 

3.P.229.169; 3.P.229.172; 3.F.229.175; 3 J.229.240; 3.P.229.244; 3.P.230.228; 3.P.230.229; 

3.P.230.230; 3JP.230.231; 3^.230.236; 3^.230.237; 3 J.230.238; 3.P.230.239; 3.P.230.154; 

3.PJ230.157; 3J».230.166; 3.P.230.169; 3.P.230.172; 3.P.230.175; 3.P.230.240; 3.P.230.244; 
20 3.P.231.228; 3^.231.229; 3.P.231.230; 3.P.231.231; 3.P.231.236; 3.P.231.237; 3.P.231.238; 

3.P.231.239; 3.P.231.154; 3.P.231.157; 3.P.231.166; 3P.231.169; 3.P.231.172; 3.P.231.175; 

3.P.231.240; 3^.231.244; 3.P.236.228; 3.P.236.229; 3.P.236.230; 3.P.236.231; 3.P.236.236; 

3.P.236.237; 3JP.236.238; 3.P.236.239; 3.P.236.154; 3.P.236.157; 3.P.236.166; 3.P.236.169; 

3.P.236.172; 3.P.236.175; 3.P.236.240; 3.P.236.244; 3JP.237.228; 3.P.237.229; 3.P.237.230; 
25 3.P.237.231; 3P.237.236; 3.P.237.237; 3.P.237.238; 3.P.237.239; 3.P.237.154; 3.P.237.157; 

3.P.237.166; 3P.237.169; 3.P.237.172; 3.P.237.175; 3:P.237JZ40; 3.P.237.244; 3.P.238.228; 

3.P.238.229; 3.P.238.230; 3.P.238.231; 3.P.238.236; 3.P.238.237; 3.P.238.238; 3.P.238.239; 

3P.238.154; 3.P.238.157; 3P.238.166; 3.P.238.169; 3.P.238.172; 3.P.238.175; 3.P.238.240; 

3.P.238.244; 3.P.239.228; 3.P.239.229; 3.P.239.230; 3.P.239.231; 3.P.239.236; 3.P.239.237; 
30 3P.239.238; 3P.239.239; 3.P.239.154; 3.P.239.157; 3.P.239.166; 3.P.239.169; 3.P.239.172; 

3.P.239.175; 3P.239.240; 3.P.239.244; 3.P.154.228; 3P.154.229; 3P.154.230; 3P.154.231; 

3.P.154.236; 3.P.154.237; 3.P.154.238; 3.P.154.239; 3.P.154.154; 3.P.154.157; 3.P.154.166; 

3P.154.169; 3P.154172; 3P.154.175; 3.P.154.240; 3P.154.244; 3.P.157.228; 3.P.157.229; 

3P.157.230; 3.P.157.231; 3P.157.236; 3P.157.237; 3P.157.238; 3P.157.239; 3P.157.154; 
35 3.P.157.157; 3P.157.166; 3.P.157.169; 3.P-157.172; 3.P.157.175; 3P.157.240; 3P.157.244; 

3.P.166.228; 3.P.166.229; 3P.166.230; 3.P.166J231; 3P.166.236; 3P.166.237; 3P.166.238; 

3P.166.239; 3.P.166.154; 3.P.166.157; 3.P.166.166; 3.P.166.169; 3P.166.172; 3.P.166.175; 

3P.166.240; 3P.166.244; 3P.169.228; 3.P.169229; 3.P.169.230; 3.P.169.231; 3.P.169.236; 

3.P.169.237; 3.P.169.238; 3.P.169.239; 3.P.169.154; 3.P.169.157; 3.P.169.166; 3P.169.169; 
40 3.P.169.172; 3.P.169.175; 3P.169.240; 3.P.169.244; 3.P.172.228; 3.P.172.229; 3P.172.230; 

3P.172.231; 3.P.172.236; 3P.172.237; 3.P.172.238; 3P.172.239; 3P.172.154; 3P.172.157; 

3.P.172.166; 3.P.172.169; 3.P.172.172; 3.P.172.175; 3.P.172.240; 3P.172.244; 3P.175.228; 

3.P.175.229; 3P.175.230; 3.P.175.231; 3P.175.236; 3.P.175.237; 3.P.175.238; 3.P.175.239; 

3.P.175.154; 3.P.175.157; 3.P.175.166; 3.P.175.169; 3.P.175.172; 3.P.175.175; 3P.175.240, 
45 3P.175.244; 3P.240.228; 3.P.240.229; 3.P.240.230; 3.P.240.231; 3P.240.236; 3.P.240.237, 

3.P.240.238; 3P.240.239; 3.P.240.154; 3.P.240.157; 3.P240.166; 3P.240.169; 3PJ240.172 
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3^.240.175; 3^.240.240; 3P.240.244; 3.P.244.228; 3P^44.229; 3.P.244.230; 3.P.244.231; 
3P.244.236; 3^.244^7; 3^.244.238; 3.P.244.239; 3.P.244.154; 3.P.244.157; 3.P.244.166; 
3^.244.169; 3JP.244.172; 3JP.244.175; 3P.244.240; 3P.244.244; 



5 Prodrugs of 3.U 

3.U.228.228; 3.U.228.229; 3.U.228.230; 3.U.228.231; 3.U.2i8.236; 3.U.228.237; 
3.U.228.238; 3.U.228.239; 3.U.228.154; 3.U.228.157; 3.U.228.166; 3-U.228.169; 
3.U.228.172; 3.U.228.175; 3.U.228.240; 3.U.228.244; 3.UJ229.228; 3.U^.229; 
3.U.229.230; 3.U.229.231; 3.U.229.236; 3.U.229.237; 3.U.229.238; 3.U.229.239; 
10 3.UJ229.154; 3.U.229.157; 3.U.229.166; 3.U.229.169; 3.U.229.172; 3.U.229.175; 

3.U.229.240; 3.U.229.244; 3.U230.228; 3.U.230.229; 3.U.230.230; 3.U.230.231; 

3.U.230.236; 3.UJ230.237; 3.UJ230.238; 3.U.230.239; 3.U.230-154; 3.U.230.157; 

3.U.230.166; 3.U.230.169; 3.U.230.172; 3.U.230.175; 3.U230.240; 3.U.230.244; 

3.U.231JC8; 3.U.231.229; 3.U.231.230; 3.U.231.231; 3.U.231.236; 3.U.231.237; 
15 3.U.231.238; 3.U.231.239; 3.U.231.154; 3.U.231.157; 3.U231.166; 3.U.231.169; 

3.U.231.172; 3.U.231.175; 3.U.231.240; 3.U.231.244; 3.U.236.228; 3.U.236.229; 

3.UJ236.230; 3.U.236.231; 3.U.236.236; 3.U.236.237; 3.U.236.238; 3.U.236.239; 

3.U.236.154; 3.U.236.157; 3.U.236.166; 3.U.236.169; 3.U.236.172; 3.U.236.175; 

3.U.236.240; 3.U.236.244; 3.U.237.228; 3.U.237.229; 3.U.237.230; 3.U.237.231; 
20 3.U.237.236; 3.U.237237; 3.U.237.238; 3.U.237.239; 3.U.237.154; 3.U.237.157; 

3.U.237.166; 3.U.237.169; 3.U.237.172; 3.U.237.175; 3:U.237.240; 3.U.237.244; 

3.U.238.228; 3.U.238.229; 3.U.238.230; 3.U.238.231; 3.U.238.236; 3.U.238.237; 

3.U.238.238; 3.U.238.239; 3.U.238.154; 3.U.238.157; 3.U.238.166; 3.U.238.169; 

3.U.238.172; 3.U.238.175; 3.U.238.240; 3.U.238.244; 3.U.239.228; 3.U.239.229; 
25 3.U.239.230; 3.U.239.231; 3.U.239.236; 3.U.239.237; 3.U.239.238; 3.U.239.239; 

3.U.239.154; 3.U.239.157; 3.U.239.166; 3.U.239.169; 3.U.239.172; 3.U.239.175; 

3.U.239.240; 3.U.239.244; 3.U.154.228; 3.U.154.229; 3.U.154.230; 3.U.154.231; 

3.U.154236; 3.U.154.237; 3.U.154.238; 3.U.154.239; 3.U.154.154; 3.U.154.157; 

3.U.154.166; 3.U.154.169; 3.U.154.172; 3.U.154.175; 3.U.154.240; 3.U.154244; 
30 3.U.157^; 3.U.157.229; 3.U.157.230; 3.U.157.231; 3.U.157236; 3.U. 157.237; 

3.U.157.238; 3.U.157.239; 3.U.157.154; 3.U.157.157; 3.U.157.166; 3.U.157.169; 

3.U.157.172; 3.U.157.175; 3.U.157.240; 3.U.157J244; 3.U.166.228; 3.U.166.229; 

3.U.166.230; 3.U.166.231; 3.U.166.236; 3.U.166.237; 3.U.166238; 3.U.166.239; 

3.U.166.154; 3.U.166.157; 3.U.166.166; 3.U.166.169; 3.U.166.172; 3.U.166.175; 
35 3.U.166.240; 3.U.166.244; 3.U.169.228; 3.U.169.229; 3.U.169.230; 3.U.169.231; 

3.U.169J236; 3.U.169.237; 3.U.169.238; 3.U.169.239; 3.U.169.154; 3.U.169.157; 

3.U.169.166; 3.U.169.169; 3.U.169.172; 3.U.169.175; 3.U.169.240; 3.U.169.244; 

3.U.172.228; 3.U.17Z229; 3.U.172.230; 3.U.172.231; 3.U.172.236; 3.U.172.237; 

3.U.172.238; 3.U.172.239; 3.U.172.154; 3.U.172.157; 3.U.172.166; 3.U.172.169; 
40 3.U.172.172; 3.U.172.175; 3.U.172.240; 3.U.172.244; 3.U.175.228; 3.U.175.229; 

3.U.175.230; 3.U.175.231; 3.U.175.236; 3.U.175.237; 3.U.175.238; 3.U.175.239; 

3.U.175.154; 3.U.175.157; 3.U.175.166; 3.U.175.169; 3.U.175.172; 3.U.175.175; 

3.U.175.240; 3.U.175.244; 3.U.240.228; 3.U^40.229; 3.U.240.230; 3.U.240.231; 

3.U.240.236; 3.U.240.237; 3.U.240.238; 3.U.240.239; 3.U.240.154; 3.U.240.157; 
45 3.U.240.166; 3.U.240.169; 3.U.240.172; 3.U.240.175; 3.U.240.240; 3.U.240.244; 

3.UJ244.228; 3.U.244.229; 3.U.244J30; 3.U.244.231; 3.U.244.236; 3.\J2M237; 
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3.U.244^; 3.\JJ14A239; 3.U.244.154; 3.U.244.157; 3.U.244.166; 3.U.244.169; 
3.U.244.172; 3.U^44.175; 3.17^44:240; 3.U.244.244; 

Prodrugs of 3.W 

5 3.W.228.228; 3.W.228.229; 3.W228.230; 3.W.228.231; 3.W.228.236; 3.W.228.237; 

3.W.228.238; 3.W.228.239; 3.W.228.154; 3.W.228.157; 3.W.228.166; 3.W.228.169; 

3.W.228.172; 3.W.228.175; 3.W.228.240; 3.W228.244; 3.W.229.228; 3.W.229.229; 

3.W.229.230; 3.W.229231; 3.W.229.236; 3.W.229.237; 3.W.229.238; 3.W.229.239; 

3.W.229.154; 3.W.229.157; 3.W.229.166; 3.W.229.169; 3.W.229.172; 3.W.229.175; 
10 3.WJ229J240; 3.W.229J244; 3.W.230.228; 3.W.230.229; 3.W.230.230; 3.WJ230J231; 

3.W.230.236; 3.W.230.237; 3.W.230.238; 3.W.230.239; 3.W^.154; 3.W.230.157; 

3.W.230.166; 3.W-230.169; 3.W230.172; 3.W.230.175; 3.W.230.240; 3.W.230.244; 

3.W231.228; 3.W.231229; 3.W231.230; 3.W.231.231; 3.W.231.236; 3.W.231.237; 

3.W.231.238; 3.W.231.239; 3.W.231.154; 3.W.231.157; 3.W.231.166; 3.W.231.169; 
15 3.W.231.172; 3.W.231.175; 3.W.231.240; 3.W.231.244; 3.W.236.228; 3.W.236.229; 

3.W236.230; 3.W.236.231; 3.W.236.236; 3.W.236.237; 3.W.236.238; 3.W.236.239; 

3.W.236.154; 3.W.236.157; 3.W.236.166; 3.W.236.169; 3.W.236.172; 3.W.236.175; 

3.W.236.240; 3.W.236.244; 3.W.237.228; 3.W.237.229; 3.W.237.230; 3.W.237.231; 

3.W.237.236; 3.W.237.237; 3.W.237.238; 3.W.237.239; 3.W.237.154; 3.W.237.157; 
20 3.W.237.166; 3.W.237.169; 3.W.237.172; 3.W.237.175; 3.W.237.240; 3.W.237.244; 

3.W.238.228; 3.W.238.229; 3.WJ238.230; 3.W.238.231; 3.W.238.236; 3.W^.237; 

3.W.238.238; 3.W.238.239; 3.W.238.154; 3.W.238.157; 3.W.238.166; 3.W.238.169; 

3.WJ238.172; 3.W.238.175; 3.W:238.240; 3.W.238.244; 3.W.239.228; 3.W.239.229; 

3.W.239:230; 3.W.239.231; 3.W.239.236; 3.W.239.237; 3.W.239.238; 3.W.239.239; 
25 3.W.239.154; 3.W.239.157; 3.W.239.166; 3.W.239.169; 3.W.239.172; 3.W.239.175; 

3.W.239.240; 3.W.239.244; 3.W.154228; 3.W.154.229; 3.W.154.230; 3.W.154.231; 

3.W.154.236; 3.W.154.237; 3.W.154238; 3.W.154.239; 3.W.154.154; 3.W.154.157; 

3.W.154.166; 3.W.154.169; 3.W.154.172; 3.W.154.175; 3.W.154.240; 3.W.154.244; 

3.W.157.228; 3.W.157.229; 3.W.157.230; 3.W.157.231; 3.W.157.236; 3.W.157.237; 
30 3.W.157.238; 3.W.157.239; 3.W.157.154; 3.W.157.157; 3.W.157.166; 3.W.157.169; 

3.W.157.172; 3.W.157.175; 3.W.157.240; 3.W.157.244; 3.W.166.228; 3.W.166.229; 

3.W.166.230; 3.W.166.231; 3.W.166J236; 3;W.166;237; 3.W.166.238; 3.W.166.239; 

3.W.166.154; 3.W.166.157; 3.W.166.166; 3.W.166.169; 3.W.166.172; 3.W.166.175; 

3.W.166.240; 3.W.166.244; 3.W.ie9.228; 3.W.169J229; 3.W.169^0; 3.W.169.231; 
35 3.W.169.236; 3.W.169.237; 3.W.169.238; 3.W.169.239; 3.W.169.154; 3.W:169.157; 
. 3.W.169.166; 3.W.169.169; 3.W.169.172; 3.W.169.175; 3.W.169.240; 3.W.169.244; 

3.W.172.228; 3.W.172.229; 3.W.172.230; 3.W.172.231; 3.W.172.236; 3.W.172.237; 

3.W.172.238; 3.W.172.239; 3.W.172.154; 3.W.172.157; 3.W.172.166; 3.W.172.169; 

3.W.172.172; 3.W.172.175; 3.W.172.240; 3.W.17Z244; 3.W.175:228; 3.W.175.229; 
40 3.W.175J230; 3.W.175.231; 3.W.175.236; 3.W.175.237; 3.W.175.238; 3.W.175.239; 

3.W.175.154; 3.W.175.157; 3.W.175.166; 3.W.175.169; 3.W.175.172; 3.W.175.175; 

3.W.175.240; 3.W.175244; 3.W.240.228; 3.W.240.229; 3.W.240.230; 3.W.240.231; 

3.W.240.236; 3.W.240.237; 3.W.240.238; 3.W.240.239; 3.W.240.154; 3.W.240.157; 

3.W.240.166; 3.W.240.169; 3.W.240.172; 3.W.240.175; 3.W.240.240; 3.W.240.244; 
45 3.W.244^8; 3.W:244.229; 3.W.244.230; 3.W^44^1; 3.W.244.236; 3.W.244^7; 
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3.W^44^8; 3.WJ244.239; 3.W.244.154; 3.W^44.157; 3.W^44.166; 3.WJ144.169; 
3.W^44.172; 3.W.244.175; 3.W.244.240; 3.W^44^44; 

Prodrugs of 3.Y 

5 3.Y.228.228; 3.Y.228^9; 3.Y.228.230; 3.Y^8.231; 3.Y228^6; 3.Y.228.237; 

3.Y.228.238; 3.Y.228^9; 3.Y.228.154; 3.Y^.157; 3.Y^8.166; 3.Y:228.169; 

3.Y.228.172; 3.Y.228.175; 3.Y.228.240; 3.Y.228.244; 3.Y.229.228; 3.Y.229.229; 

3.Y^.230; 3.Y.229.231; 3.Y.229:236; 3.Y229.237; 3.Y.229.238; 3.Y.229^9; 

3.Y.229.154; 3.Y.229.157; 3.Y.229166; 3.Y^9.169; 3.Y.229.172; 3.YJZ29.175; 
10 3.Y.229^40; 3.Y.229^44; 3.Y.230^8; 3.Y.230.229; 3.Y.230.230; 3.Y.230.231; 

3.Y.230.236; 3.Y^^7; 3.Y.230^; 3.Y^.239; 3.Y^0.154; 3.Y^0.157; 

3.Y^30.166; 3.Y.230.169; 3.Y.230.172; 3.Y.230.175; 3.Y.230.240; 3.Y.230.244; 

3.Y.231^; 3.Y.231.229; 3.Y^1230; S.Y^l^l; 3.Y.231^; 3.Y^1^7; 

3.Y^31^38; 3.Y.231.239; 3.Y^1.154; 3-Y^1.157; 3.Y^1.166; 3.Y^1.169; 
15 3.Y.231.172; 3.Y^31.175; 3.Y.231.240; 3.Y231.244; 3.Y.236.228; 3.Y.236.229; 

3.Y.236.230; 3.Y^^1; 3.Y.236.236; 3.Y^.237; 3.Y^^; 3.Y^^9; 

3.Y.236.154; 3.Y.236.157; 3.Y.236.166; 3.Y.236.169; 3.Y^36.172; 3.Y^36.175; 

3.Y.236^40; 3.Y^36.244; 3.Y.237.228; 3.Y^7^; 3.Y^7^; 3.Y^7.231; 

3.Y.237.236; 3.Y.237.237; 3.Y.237.238; 3.Y.237.239; 3.Y.237.154; 3.Y^37.157; 
20 3.Y^7.166; 3.Y.237.169; 3.Y.237.172; 3.Y.237.175; 3.Y.237.240; 3.Y.237.244; 

3.Y^.228; 3.Y.238.229; 3.Y.238.230; 3.Y.238.231; 3.Y^^; 3.Y.238.237; 

3.Y.238.238; 3.Y.238.239; 3.Y.238.154; 3.Y.238.157; 3.Y.238.166; 3.Y.238.169; 

3.Y.238.172; 3.Y.238.175; 3.Y^a240; 3.Y^.244; 3.Y.239.228; 3.Y.239.229; 

3.Y^9^0; 3.Y.239.231; 3.Y.239.236; 3.Y.239.237; 3.Y^9^; 3.Y^9.239; 
25 3.Y.239.154; 3.Y.239.157; 3.Y.239.166; 3.Y.239.169; 3.Y.239.172; 3.Y.239.175; 

3.Y^9.240; 3.Y.239^44; 3.Y.154^; 3.Y.154.229; 3.Y.154J230; 3.Y.154.231; 

3.Y.154.236; 3.Y.154.237; 3.Y.154.238; 3.Y.154.239; 3.Y.154154; 3.Y.154.157; 

3.Y.154.166; 3.Y.154.169; 3.Y.154.172; 3.Y.154.175; 3.Y.154.240; 3.Y.154.244; 

3-Y.157.228; 3.Y.157.229; 3.Y.157.230; 3.Y.157.231; 3X157^236; 3.Y.157.237; 
30 3.Y.157^38; 3.Y.157.239; 3.Y.157.154; 3.Y.157.157; 3.Y.157.166; 3.Y.157.169; 

3.Y.157.172; 3.Y.157.175; 3.Y.157^40; 3.Y.157.244; 3.Y.166^; 3.Y.166.229; 

3.Y.166.230; 3.Y.166.231; 3.Y.166.236; 3.Y.166^7; 3.Y.166.238; 3.Y.166.239; 

3.Y.166.154; 3.Y.166.157; 3.Y.166.166; 3.Y.166.169; 3.Y.166.172; 3.Y.166.175; 

3.Y.166^40; 3.Y.166.244; 3.Y.169^; 3.Y.169:229; 3.Y.169^; 3.Y.169^1; 
35 3.Y.169.236; 3.Y.169.237; 3.Y.169.238; 3.Y.169J239; 3.Y.169.154; 3.Y.169.157; 

3.Y.169.166; 3.Y.169.169; 3.Y.169.172; 3.Y.169.175; 3X169^40; 3.Y.169:244; 

3.Y.172.228; 3.Y.172.229; 3.Y.172.230; 3.Y.172^1; 3.Y.172^; 3.^.172237; 

3.Y.172^8; 3.Y.172.239; 3.Y.172.154; 3.Y.172.157; 3.Y.172.166; 3.Y.172.169; 

3.Y.172.172; 3.Y.172.175; 3.Y.172.240; 3.Y.172.244; 3.Y.175228; 3.Y.175.229; 
40 3.Y.175.230; 3.Y.175.231; 3.Y.175.236; 3.Y.175.237; 3.Y.175.238; 3.Y.175^39; 

3.Y.175.154; 3.Y.175.157; 3.Y.175.166; 3.Y.175.169; 3.Y.175.172; 3.Y.175.175; 

3.Y.175.240; 3.Y.175.244; 3.Y^40.228; 3.Y.240.229; 3.Y^40^; 3.Y^40.231; 

3.Y.240.236; 3.Y^40.237; 3.Y.240.238; 3.Y.240.239; 3.Y.240.154; 3.Y.240.157; 

3.Y^40.166; 3.Y^40.169; 3.YJ240.172; 3.Y.240.175; 3.Y^40J240; 3.Y:240.244; 
45 3.Y^44^; 3.Y^44^9; 3.Y^44230; 3.Y.244.231; 3.Y^44.236; 3.Y.244.237; 
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3.Y.244.238; 3.Y.244.239; 3.Y.244.154; 3.Y.244.157; 3.Y244.166; 3.Y.244.169; 

3. Y^44.172; 3.Y^44.175; 3.Y.244^40; 3.Y.244244; 

Prodru gs of 4.B 

5 4.B.228.228; 4.B.228.229; 4.B.228.230; 4B.228.231; 4.B.228^36; 4.B.228.237; 

4. B.228238; 4B^.239; 4.BJ228.154; 4.B^.157; 4.B^.166; 4.B228.169; 4.B.228.172 
4.B.228.175; 4.B.228.240; 4.B.228.244; 4.B.229.228; 4.B.229.229; 4.B.229.230; 4.B.229.231 
4.B.229^; 4.B^9.237; 4.B^9^; 4.B^.239; 4.B^9.154; 4.B^.157; 4.B.229.166 
4.B.229.169; 4.B.229.172; 4.B.229.175; 4.B.229.240; 4.B.229.244; 4.B^.228; 4.B.230.229 

10 4.B.230^; 4.B^.231; 4.8.230^36; 4.B.230.237; 4.B.230238; 4.B230.239; 4.B.230.154, 
4.B.230.157; 4.B.230.166; 4.B.230.169; 4.B.230.172; 4.B.230.175; 4.B230240; 4.B.230.244 
4.B.231228; 4.B.231.229; 4.B.231230; 4.B231.231; 4.B.231.236; 4.B.231.237; 4.B.231.238 
4.B.231.239; 4.B.231.154; 4.B.231.157; 4.B.231.166; 4.B.231.169; 4.B.231.172; 4.B.231.175 
4.B.231.240; 4.B.231.244; 4.B.236.228; 4.B.236.229; 4.B.236.230; 4.B.236.231; 4.B.236.236 

15 4.B.236.237; 4.B.236.238; 4.B.236.239; 4.B.236.154; 4.B.236.157; 4.B.236.166; 4.B.236.169 
4.B.236.172; 4.B.236.175; 4.B.236.240; 4.B.236.244; 4.B.237.228; 4.B.237.229; 4.B.237.230 
4.B.237.231; 4.B.237.236; 4.B.237.237; 4.B.237.238; 4.B.237.239; 4.B.237.154; 4.B.237.157 
4.B.237.166; 4.B.237.169; 4.B.237.172; 4.B.237.175; 4.B.237.240; 4.B.237.244; 4.B.238.228 
4.B.238.229; 4.B.238.230; 4.B.238.231; 4.B.238.236; 4.B.238.237; 4.B.238.238; 4.B.238.239 

20 4.B.238.154; 4.B.238.157; 4.B.238.166; 4.B.238.169; 4.B.238.172; 4.B.238.175; 4.B.238.240 
4.B.238.244; 4.B.239228; 4.B.239.229; 4.B.239.230; 4.B.239.231; 4.B239.236; 4.B.239.237 
4.B.239.238; 4.B.239.239; 4.B.239.154; 4.B.239.157; 4.B.239.166; 4.B.239.169; 4.B.239.172 
4.B.239.175; 4.B.239.240; 4.B.239.244; 4.B.154.228; 4.B.154.229; 4.B.154230; 4.B.154.231 
4.B.154.236; 4.B.154.237; 4.B.154.238; 4.B.154.239; 4.B.154.154; 4.B.154.157; 4.B.154.166 

25 4.B.154169; 4.B.154.172; 4.B.154175; 4.B.154.240; 4.B.154.244; 4.B.157.228; 4.B.157.229 
4.B.157.23D; 4.B.157.231; 4.B.157.236; 4.B.157.237; 4.B.157.238; 4.B.157.239; 4.B.157.154 
4.B.157.157; 4.B.157.166; 4.B.157.169; 4.B.157.172; 4B.157.175; 4.B.157.240; 4B.157.244 
4.B.166.228; 4.B.166.229; 4.B.166.230; 4.B.166.231; 4.B.166.236; 4.B.166.237; 4.B.166.238, 
4B.166.239; 4.B.166.154; 4.B.166.157; 4.B.166.166; 4.B.166.169; 4.B.166.172; 4.B.166.175 

30 4.B.166.240; 4.B.166.244; 4.B.169.228; 4.B.169.229; 4.B.169.230; 4.B.169.231; 4B.169.236 
4B.169.237; 4.B.169.238; 4B.169.239; 4.B.169.154; 4.B.169.157; 4.B.169.166; 4.B.169.169 
4.B.169.172; 4.B.169.175; 4.B.169.240; 4.B.169.244; 4.B.17Z228; 4.B.17Z229; 4B.172.230 
4B.172.231; 4B.172.236; 4B.17Z237; 4.B.172238; 4.B.172.239; 4.B.172.154; 4B.172.157 
4.6.172.166; 4.B.172.169; 4.B.17Z172; 4.B.172.175; 4.B.172.240; 4.B.172.244; 4B.175.228 

35 4.B.175.229; 4.B.175.230; 4.B.175.231; 4.B.175.236; 4.B.175.237; 4.B.175.238; 4B.175.239 
4.B.175.154; 4.B.175.157; 4B.175.166; 4.B.175.169; 4.B.175.172; 4.B.175.175; 4.B.175.240 
4.B.175.244; 4.B.240.228; 4.B.240.229; 4.B.240.230; 4.B.240.231; 4.B.240.236; 4.B.240.237. 
4.B.240.238; 4.B.240.239; 4B.240.154; 4.B.240.157; 4B.240.166; 4.B.240.169; 4.B240.172 
4.B.240.175; 4.B.240.240; 4.B.240244; 4.B.244.228; 4.B.244.229; 4.B.244230; 4.B.244.231 

40 4B.244.236; 4.B.244237; 4B244238; 4.B.244239; 4B.244154; 4.B.244.157; 4B.244166 
4.B.244.169; 4.B.244.172; 4B244175; 4.B.244.240; 4.B.244244; 

Prodrugs of 4.D 

4.D228.228; 4.D228.229; 4.D228.230; 4D.228.231; 4.D.228.236; 4.D.228.237; 
45 4.D.228.238; 4.D.228.239; 4.D.228.154; 4.D.228.157; 4D.228.166; 4D.228.169; 
4D.228.172; 4.D.228.175; 4.D.228.240; 4D.228.244; 4D.229228; 4D.229.229; 
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10 



15 



20 



25 



30 



35 



40 



4.D.229.230 
4.D.229.154 
4.D.229.240 
4.D.230.236 
4.D.230.166 
4.D.231^8 
4.D.231.238 
4.D.231.172 
4.D.236.230 
4.D.236.154 
4.D.236.240 
4.D.237J236 
4.D.237.166 
4.D.238.228 
4.D.238.238 
4.D^38.172 

4.D^39.154 
4.D.239^40 
4.D.154.236 
4.D.154.166 
4.D.157.228 
4.D.157.238 
4.D.157.172 
4.D.166^30 
4.D.166.154 
4.D.166.240 
4.D.169.236 
4.D.169.166 
4.D.172.228 
4.D.172.238 
4.D.172.172 
4.D.175.230 
4.D.175.154 
4.D.175.240 
4.D.240.236 
4.D.240.166 
4.D.244.228 
4.D.244.238 
4.D.244.172 



4.D.229.231 
4.D.229.157 
4.D.229.244 
4.D^0.237 
4.D.230.169 
4.D.231.229 
4.D.231.239 
4.D^1.175 
4.D^6.231 
4.D.236.157 
4.D.236.244 
4.D.237.237 

4.D.237.169 
4.D.238.229 
4.D.238.239 
4.D.238.175 
4.D.239.231 

4.D.239.157 
4.D.239.244 
4.D.154.237 

4.D.154.169 
4.D.157.229 
4.D.157.239 
4.D.157.175 
4.D.166.231 

4.D.166.157 
4.D.166.244 

4.D.169.237 

4.D.169.169 
4.D.172.229 
4.D.17Z239 
4.D.17Z175 
4.D.175.231 
4.D.175.157 
4.D.175.244 
4.D.240.237 
4.D.240.169 
4.D.244.229 
4.D244.239 
4.D^44.175 



4.D^9.236 
4.D229.166 
4.D.230.228 

4.D^^8 
4.D.230.172 

4.D231.230 

4.D.231.154 

4.D231.240, 

4.D.236.236 

4.D.236.166, 

4.D.237.228 

4D237.238 
4.D.237.172 
4.D.238.230 
4.D.238.154 
4.D.238.240 
4.D239.236 
4.D.239.166 
4.D.154.228 
4.D.154.238 
4.D.154.172 
4.D.157.230 
4.D.157.154 
4.D.157.240 
4.D.166.236 
4.D.166.166 
4.D.169.228 
4.D.169.238 
4.D.169.172 
4.D.172.230 
4.D.172.154, 
4.D.172.240 
4.D.175.236 
4.D.175.166 
4.D.240.228 
4.D^40.238 
4.D.240.172 
4.D.244.230 
4.D.244.154. 
4.D^44.240; 



4.D.229.237 

4.D^9.169 
4.D.230.229 
4.D.230^9 
4.D.230.175 
4.D.231^1 
4.D.231.157 
4.D.231.244^ 
4.D.236.237 
4.D^6.169 
4.D.237.229 
4.D237.239 
4.D.237.175 
4.D.238.231 
4.D.238.157 
4.D.238.244; 
4.D.239.237; 
4.D.239.169 
4.D.154.229 
4.D.154.239 
4.P.154.175 
4.D.157.231 

4.D.157.157 
4.D.157.244, 

4.D.166.237 
4.D.166.169 

4.D.169.229 
4.D.169.239 
4.D.169.175 
4.D.172.231 
4.D.172.157 
4.D.172^44^ 
4.D.175.237 
4.D.175.169 
4.D.240.229 
4.D.240.239 
4.D.240.175 
4.D.244.231 

4.D.244.157 
4.D^44.244 



4.D.229.238 
4.D.229.172^ 
4.0^30.230 
4.D.230.154^ 
4D.230.240 
4D.231236! 
4.D.231.166 
4D.236^ 
4D.236.238 
4D.236.172! 
4D.237.230 
4D.237.154 

4D.237.240 
4D.238.236 
4D.238.166 

4D.239^8 
4D.239.238 
4.D.239.172 
4D.154.230 
4D.154.154 
4D.154.240 
4D.157.236 
4D.157.166 
4D.166.228 
4D.166.238 
4D.166.172 
4D.169.230 
4D.169.154 
4D.169.24o! 
4D.172.236 

4D.172.166 
4D.175.228 
4D.175.238 
40.175.172^ 

40.240.230 
40.240.154 
4D.240.240, 
40.244236 
4.D.244.166 



4D.229239 
4D.229.175 
4.D.230.231 
4D.230.157 
4.D.230.244; 
4D.231.237 

4D.231.169 
4D.236.229 
4D.236.239 
4.D.236.175 
4D.237.231 
4D.237.157 
4.D.237.244, 

4.D.238237 
4D.238.169 
4D.239J229 
4D.239239 
4D.239.175 
4.D.154.231 
4.D.154.157 
4D.154244, 
4D.157.237 
4D.157.169 
4.D.166.229 
4D.166.239 
4.D.166.175 
4D.169.231 
4D.169.157 
4.D.169244, 
4D.172.237 
4D.172.169 
4.D.175229 
4D.1751239 
4D.175.175 
4.D.240.231 
4.D.240.157 
4D.240.244. 
4D.244237 
4D.244.169 



45 



Prodrugs of 4.E 

4.E.228.228; 4.E.228.229; 4E.228.230; 4E.228.231; 4.E.228.236; 4.E.228.237; 
4.E.228.238; 4E228.239; 4.E.228.154; 4£.228.157; 4.E228.166; 4^.228.169; 4E.228.172; 
4.E.228.175; 4.E.228.240; 4JE.228.244; 4.E.229.228; 4.E.229.229; 4E.229.230; 4.E.229.231; 
4JEJ229.236; 4E229.237; 4^.229.238; 4^.229.239; 4E229.154; 4.E.229.157; 4.E.229.166; 
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4.E.229.169; 4.E.229.172; 4.E.229.175; 4.E.229.240; 4.E.229.244; 4.E.230.228; 4.E^^9; 

4.E^0.230; 4.E230.231; 4.E.230^6; 4.E230.237; 4.E.230.238; 4JE.230:239; 4.E^.154; 

4.E.230.157; 4.E.230.166; 4.E.230.169; 4.E.230.172; 4.E.230.175; 4.E.230.240; 4.E^.244; 

4JB.231.228; 4^^1.229; 4.E.231230; 4^231.231; 4.E.231.236; 4JE.231^37; 4.E J!31.238; 
5 4.E.231.239; 4^.231.154; 4.E.231.157; 4.E.231.166; 4.E.231.169; 4.E.231.172; 4.E.231.175; 

4.E.231^40; 4.E231.244; 4.E.236.228; 4JE.236.229; 4^.236.230; 4JB236.231; 4.E.236.236; 

4.E.236.237; 4.E.236m 4.E.236.239; 4.E.236.154; 4.E.236.157; 4.E.236.166; 4^.236.169; 

4.E.236.172; 4.E.236.175; 4.E.236.240; 4.E.236.244; 4.E.237228; 4.E.237.229; 4.E.237.230; 

4.E.237.231; 4.E.237.236; 4.E.237.237; 4.E.237.238; 4.E.237239; 4JE.237.154; 4.E.237.157; 
10 4.E.237.166; 4.E237.169; 4.E.237.172; 4.E.237.175; 4.E.237.240; 4.E.237.244; 4.E.238.228; 

4.E.238.229; 4.E.238.230; 4.E.238.231; 4.E.238.236; 4.E.238.237; 4.E.238.238; 4.E.238.239; 

4.E.238.154; 4JE.238.157; 4.E.238.166; 4.E.238.169; 4.E.238.172; 4.E.238.175; 4.E.238.240; 

4.E.238.244; 4.E.239.228; 4.E.239.229; A.B239230', 4.E.239.231; 4^^9.236; 4.E.239.237; 

4.E.239.238; 4.E.239.239; 4.E.239.154; 4.E.239.157; 4.E.239.166; 4.E.239.169; 4.E.239.172; 
15 4.E.239.175; 4.E.239.240; 4.E.239.244; 4.E.154.228; 4.E.154.229; 4.E.154230; 4.E.154.231; 

4.E.154236; 4.E.154.237; 4.E.154.238; 4.E.154.239; 4.E.154154; 4.E.154.157; 4.E.154.166; 

4.E.154.169; 4.E.154.172; 4.E.154.175; 4.E.154.240; 4.E.154244; 4.E.157.228; 4.E.157.229; 

4.E.157.230; 4.E.157.231; 4.E.157.236; 4.E.157.237; 4.E.157.238; 4.E.157.239; 4.E.157.154; 

4.E.157.157; 4.E.157.166; 4JE.157.169; 4JB.157.172; 4.E.157.175; 4.E.157.240; 4.E.157.244; 
20 4.E.166.228; 4.E.166.229; 4.E.166.230; 4.E.166.231; 4.E.166.236; 4.E.166.237; 4.E.166.238; 

4.E.166.239; 4.E.166.154; 4.E.166.157; 4.E.166.166; 4.E.166.169; 4.E.166.172; 4.E.166.175; 

4.E.166.240; 4.E.166.244; 4.E.169.228; 4.E.169.229; 4.E.169.230; 4.E.169.231; 4.E.169.236j 

4.E.169.237; 4.E.169.238; 4.E.169^9; 4.E.169.154; 4.E.169.157; 4JE.169.166; 4.E.169.169j 

4.E.169.172; 4.E.169.175; 4.E.169.240; 4.E.169.244; 4.E.172.228; 4.E.172.229; 4.E.172.230; 
25 4.E.172.231; 4.E.172.236; 4.E.172^37; 4.E.172.238; 4£.172.239; 4JE.172.154; 4.E.172.157; 

4.E.172.166; 4.E.172.169; 4.E.172.172; 4.E.172.175; 4.E.172.240; 4.E.172.244; 4.E.175.228; 

4.E.175.229; 4.E.175.230; 4.E.175.231; 4£.175.236; 4JE.175237; 4.E.175.238; 4.E.175.239, 

4.E.175.154; 4.E.175.157; 4.E.175.166; 4.E.175.169; 4.E.175.172; 4.E.175.175; 4.E.175.240, 

4.E.175.244; 4.E.240228; 4.E.240.229; 4.E.240.230; 4^.240.231; 4.E.240.236; 4.E.240.237 
30 4.E.240.238; 4.E.240.239; 4.E.240.154; 4.E.240.157; 4.E.240.166; 4JB240.169; 4.E.240.172. 

4.E240.175; 4.E.240.240; 4.E.240^44; 4.E244.228; 4.E.244.229; 4.E.244.230; 4.E.244.231, 

4.E.244.236; 4.E.244.237; 4.E.244.238; 4.E.244.239; 4.E.244.154; 4.E.244.157; 4.E.244.166. 

4.E.244169; 4.E.244.172; 4.E.244.175; 4.E.244.240; 4.E.244244; 

35 Prodrugs of 4.G 

4.G.228.228; 4.0228:229; 4.G.228.230; 4.G.228.231; 4.G.228.236; 4G.228.237; 

4'.G.228.238; 4.G.228.239; 4.G.228.154; 4.G.228.157; 4.G.228.166; 4.G.228.169; 

4.G.228.172; 4.G.228.175; 4.G228.240; 4.G.228.244; 4.G.229.228; 4.G229.229; 

4.G.229.230; 4.G.229.231; 4.G.229.236; 4.G.229.237; 4.G.229.238; 4.G.229.239; 
40 4.G.229.154; 4.G.229.157; 4.G.229.166; 4G.229.169; 4.G.229.172; 4.G.229.175; 

4G.229.240; 4G.229.244; 4.G.230.228; 4.G.230.229; 4.G.230.230; 4G.230.231; 

4G.230.236; 4G.230237; 4.G.230.238; 4.G^0.239; 4.G.230.154; 4.G.230.157; 

4.G.230.166; 4.G.230.169; 4.G.230.172; 4G.230.175; 4.G.230.240; 4.G.230.244; 

4.G.231.228; 4.G.231.229; 4G.231.230; 4.G.231.231; 4.G.231.236; 4.G.231.237; 
45 4.G.231.238; 4.G.231.239; 4G.231.154; 4G.231.157; 4.G.231.166; 4.G.231.169; 

4.G^1.172; 4G231.175; 4G.231.240; 4.G231.244; 4.G.236.228; 4.G236.229; 
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10 



15 



20 



25 



30 



35 



40 



4.G236^30; 
4.G.236.154; 
4.G.236.240; 
4.G.237.236; 
4.G.237.166, 
4.G.238.228, 
4.G.238.238, 
4.G.238.172 
4.G.239.23a 
4.G239.154! 
4.G.239.240 
4.G.154.236, 
4.G.154.166. 
4.G.157.228, 
4.G.157^38, 
4.G.157.172, 
4.G.166.230, 
4.G.166.154^ 
4.G.166.240 
4.G.169.236 
4.G.169.166 
4.G.172.228 
4.G.172.238, 
4.G.172.172' 
4.G.175.230 
4.G.175.154 
4.G.175.240, 
4.G.240.236, 
4.G.240.166, 
4.G.244.228, 
4.G244.238, 
4.G^44.172; 



4G.236.231 
4.G.236.157 
4.G.236.244 
4.G^7.237 
4.G.237.169 
4GJS8.229 
4.G.238.239 
4G.238.175 
4G.239.231 

4G^9.157 
4.G.239.244 

4G.154.237 
4G.154.169 
4G.157.229 
4G.157.239 
4G.157.175 
4G.166.231 

4G.166,157 
4G.166.244 

4G.169.237 
4G.169.169 

4G.172.229 
4G.172.239 
4G.172.175 
4G.175.231 
4.G.175.157 
4G.175.244 
4G.240.237 
4G^40.169 
4G.244.229 

4G^44239 
4G^44175 



4.G.236.236; 
4.G.236.166; 
4.G237.228; 
4.G^7.238; 
4.G.237.172; 
4.G.238.230; 
4.G.238.154; 
4.G.238^40; 
4.G.239.236; 
4.G239.166; 
4.G.154.228; 
4.G.154.238; 
4.G.154.172; 
4.G.157.230; 
4.G.157.154; 
4.G.157.240; 
4G.166.236; 
4.G.166.166; 
4.G.169.228; 
4.G.169.238; 
4.G.169.172; 
4.G.172^; 
4.G.172.154; 
4.G.172^40; 
4.G.175.236; 
4.G.175.166; 
4.G.240.228; 
4.G.240.238; 
4.G.240.172; 
4.G.244.230; 
4.G.244.154; 
4.G.244.240; 



4G^^7; 
4G^.169; 
4G.237.229; 
4.G237.239; 
4G.237.175; 
4G^38^1; 
4G.238.157; 
4G238^44; 
4G.239.237; 
4G.239.169; 
4.G.154229; 
4.G.154239; 
4G.154175; 
4G.157^1; 
4G.157.157; 
4G.157.244; 
4G.166.237; 
4G.166.169; 
4.G.169.229; 
4G.169.239; 
4.G.169.175; 
4.G.172.231; 
4.G.172.157; 
4.G.172.244; 
4G.175.237; 
4.G.175.169; 
4.G.240^9; 
4.G.240.239; 
4.G.240.175; 
4.G.244.231; 
4G.244.157; 
4.G.244244; 



4G.236.238, 
4G.236.172 

4.G.237^0 
4.G.237.154. 

4G.237.240, 

4G.238.236, 

4G.238.166 

4.G.239.228 

4.G.239.238 

4G.239.172 

4.G.154230 

4.G.154.154 

4.G.154.240 

4G.157.236 

4.G.157.166 

4.G.166.228, 

4.G.166.238, 

4.G.166.172, 

4.G.169.230, 

4G.169.154, 

4.G.169.240 
4.G.172.236, 
4.G.172.166 
4G.175^8. 
4.G.175.238 
4G.175.172 
4.G.240.230 
4.G.240.154 
4.G.240^40 
4G.244.236 
4G.244.166; 



4.G.236239 
4G.236.175 
4.G.237.231 
4G.237.157i 
4.G.237.244 

4.G.238.237 
4G^8.169 
4.G239.229 
4.G239.239 
4G.239.175 
4G.154.231 

4.G.154.157 
4.G.154.244 

4G.157^37 
4G.157.169 
4.G.166.229 
4.G.166.239 

4.G.166.175 
4G.169.231 

4.ai69.157 
4G.169.244 

4.G.172237 
4.G.172.169 
4.G.175.229 

4G.175.239 

4.G.175.175 

4G.240.231 

4.G.240.157 
4.G.240.244. 
4.G.244.237 
4.G.244.169 



Prodrugs of 4.1 

4L228.228; 4J.228.229; 4 J228.230; 4L228.231; 4J.228.236; 4J.228.237; 4J.228.238; 



45 



4J228.239; 4.1.228.154; 41.228.157 
4L228240; 4L228.244; 4 J.229228, 
4.1229.237; 4.1.229.238; 4.L229.239 
4.1.229.172; 4 JJ229.175; 4J^.240, 
4J.230.231; 4.L230.236; 4J.230.237 
4J230.166; 4J.230.169; 4L230.172, 
4.1.231.229; 4J.231.230; 4X231.231 
4.1.231.154; 4.L231.157; 4.1.231.166, 
41231.244; 4L236.228; 41.236.229 
4 J.236.238; 4.L236239; 4.L236.154 



41.228.166; 

41229.229; 

4.1.229.154; 

4.1.229.244; 

4.1.230.238; 

41230.175; 

4.1.231.236 

4J.231.169, 

4.1.236.230 
41.236.157 



4.1.228.169; 4J.228.172; 4J228.175; 
4.L229.230; 4L229.231; 41.229.236; 
41.229.157; 4 J229.166; 4.1.229.169; 
41230.228; 4J.230229; 41230.230; 
4.L230.239; 4J.230.154; 41230.157; 
4.1230.240; 4X230244; 41231.228; 
4.1.231.237; 4.L231238; 41231239; 
4.L231.172; 4J.231.175; 41231.240; 
4.1236231; 4.1.236236; 4J236.237; 
4.L236.166; 41.236.169; 4.1.236.172; 



41.236.175; 4.L236240; 4X236.244; 4.1.237.228; 4.1237229; 4X237230; 41.237231; 
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41^7.236; 4J.237.237; 4J.237.238; 4.1.237.239; 4.L237.154; 4.L237.157; 4.L237.166; 

4J.237.169; 4.1.237.172; 4.1.237.175; 4J.237.240; 4.L237.244; 4.1.238.228; 4.IJ238.229; 

4J.238.230; 4J.238.231; 4.L238.236; 4J.238.237; 4.L238.238; 4.L238.239; 4L238.154; 

4.1.238.157; 4J.238.166; 4.1.238.169; 4.1.238.172; 4.L238.175; 4.L238.240; 4.1.238.244; 
5 4J.239.228; 4.L239.229; 4.1.239.230; 4J.239.231; 4J.239.236; 4.L239.237; 4.1.239.238; 

4.L239.239; 4J.239.154; 4.L239.157; 4.1.239.166; 4.L239.169; 4J.239.172; 4.L239.175; 

4.1.239.240; 4.L239.244; 4.L154.228; 4J.154.229; 4J.154.230; 4.1.154.231; 4J.154.236; 

4.L154237; 4J.154.238; 4J.154.239; 4.1.154.154; 4.L154.157; 4.L154.166; 4J.154.169; 

4.1.154.172; 4.1.154.175; 4J.154.240; 4J.154.244; 4.1.157.228; 4.1.157.229; 4J.157.230; 
10 4J.157.231; 4.1.157.236; 4.1.157.237; 4J.157.238; 4.1.157.239; 4.1.157.154; 4.1.157.157; 

4.1.157.166; 4J.157.169; 4.1.157.172; 4.L157.175; 4.L157.240; 4.L157.244; 4 J.166.228; 

4J.166.229; 4.L166.230; 4.1.166.231; 4.1.166.236; 4.L166.237; 4.1.166.238; 4.L166.239; 

4.1.166.154; 4J.166.157; 4.L166.166; 4.L166.169; 4.L166.172; 4J.166.175; 4.1.166.240; 

4.1.166.244; 4.L169.228; 4L169.229; 4.1.169.230; 4.1.169.231; 4.L169.236; 4J.169.237; 
15 4J.169.238; 4.L169.239; 4.1.169.154; 4.1.169.157; 4.L169.166; 4.L169.169; 4.1.169.172; 

4.L169.175; 4J.169.240; 4.L169.244; 4.L172.228; 4J.172.229; 4.L172J230; 4.L172.231; 

4J.172.236; 4.L172.237; 4J.172.238; 4J.172.239; 4J.172.154; 4.L172.157; 4.L172.166; 

4.1.172.169; 4.1.172.172; 4J.172.175; 4J.172.240; 4.1.172.244; 4.1.175.228; 4.1.175.229; ' 

4.1.175.230; 4.L175.231; 4.1.175.236; 4.1.175.237; 4.1.175.238; 4.L175.239; 4J.175.154; 
20 4.1.175.157; 4J.175.166; 4.1.175.169; 4J.175.172; 4J.175.175; 4.L175.240; 4.1.175.244; 

4.1.240.228; 4 J.240.229; 4.L240.230; 4.L240.231; 4.L240.236; 4.1.240.237; 4 J.240.238; 

4 J.240.239; 4.L240.154; 4J.240.157; 4.L240.166; 4.L240.169; 4X240.172; 4.1.240.175; 

4.1.240.240; 4 J.240.244; 4.1.244.228; 4.1.244.229; 4.L244.230; 4.1.244.231; 4.1.244.236; 

4.L244.237; 4.L244.238; 41.244.239; 4.1^:44.154; 4.L244.157; 4J.244.166; 4X244.169; 
25 4.1.244.172; 4.L244.175; 4.1.244.240; 4.1.244.244; 

Prodrugs of 4.T 

4J.228.228; 4J.228.229; 4.J.228.230; 4.J.228.231; 4J.228.236; 4 J.228.237; 4 J.228.238; 

4.J.228.239; 4.J.228.154; 4 J.228,157; 4 J.228.166; 4.J.228.169; 4.J.228.172; 4.J.228.175; 
30 4.J.228.240; 4J.228.244; 4 J.229.228; 4 J.229.229; 4 J.229J230; 4.J.229J231; 4J.229.236; 

4.J.229.237; 4.J.229.238; 4J.229.239; 4J.229.154; 4J.229.157; 4.J.229.166; 4J.229.169; 

4 J.229.172; 4.J.229.175; 4.J.229.240; 4.J.229.244; 4.J.230.228; 4J230.229; 4J230.230; 

4J.230.231; 4.J.230.236; 4J.230.237; 4.J.230.238; 4 J.230.239; 4J.230.154; 4.J.230.157; 
■ 4.J.230.166; 4.J.230.169; 4.JJ230.172; 4.J.230.175; 4:j.230.240; 4.J.230.244; 4J.231.228; 
35 4.J.231.229; 4J.231.230; 4J.231.231; 4.J.231.236; 4.J.231.237; 4.J.231.238; 4JJ231.239; 

4.J.231.154; 4.J.231.157; 4J.231.166; 4J.231.169; 4J.231.172; 4.J.231.175; 4.J.231.240; 

4.J.231.244; 4.J.236.228; 4J.236.229; 4J.236.230; 4.J.236.231; 4.J.236.236; 4J.236.237; 

4J.236.238; 4J.236.239; 4J.236.154; 4J.236.157; 4.J.236.166; 4.J.236.169; 4.J.236.172; 

4.J.236.175; 4.J.236.240; 4J.236.244; 4.J.237.228; 4.J.237.229; 4.J.237.230; 4.J.237.231; 
40 4.J.237.236; 4.J.237.237; 4J.237.238; 4.J.237.239; 4.J.237.154; 4.J.237.157; 4J.237.166; 

4J.237.169; 4J.237.172; 4.J.237.175; 4J.237.240; 4J.237.244; 4J.238.228; 4.J.238.229; 

4.J.238.230; 4J.238.231; 4.J.238.236; 4J.238.237; 4.J.238.238; 4J.238.239; 4.J238.154; 

4.J.238.157; 4.J.238.166; 4.J.238.169; 4.J.238.172; 4.J.238.175; 4.J.238.240; 4J.238.244; 

4 J.239.228; 4.J.239.229; 4 J.239.230; 4.J.239.231; 4.J.239.236; 4.J.239.237; 4.J.239.238; 
45 4.J.239.239; 4.J.239.154; 4.J J139.157; 4.J.239.166; 4.J.239.169; 4J.239.172; 4J239.175; 

4J.239JZ40; 4.J.239.244; 4J.154.228; 4J.154.229; 4.J.154.230; 4.J.154.231; 4.J.154.236; 
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4.J.154237; 4.J.154.238; 4.J.154.239; 4J.154.154; 4.J.154.157; 4.J.154.166; 4.J.154.169; 

4.J.154.172; 4.J.154.175; 4.J.154.240; 4J.154^44; 4J.157228; 4J.157^9; 4J,157230; 

4J.157.231; 4.J.157.236; 4.J.157.237; 4J.157.238; 4.J.157.239; 4.J.157.154; 4.J.157.157; 

4.J.157.166; 4J.157.169; 4.J.157.172; 4.J.157.175; 4.J.157240; 4.J.157.244; 4J.166.228; 
5 4 J.166.229; 4J.166.230; 4.J.166.231; 4 J.166.236; 4.J.166.237; 4.J.166.238; 4.J.166.239; 

4.J.166.154; 4.J.166.157; 4.J.166.166; 4J.166.169; 4J.166.172; 4.J.166.175; 4.J.166240; 

4J.166.244; 4J.169.228; 4 J.169.229; 4 J.169230; 4.J.169.231; 4.J.169.236; 4.J.169.237; 

4J.169.238; 4.J.169.239; 4J.169.154; 4.J.169.157; 4J.169.166; 4J.169.169; 4J.169.172; 

4J.169.175; 4J.169.240; 4J.169,244; 4J.172.228; 4.J.172.229; 4.J.172.230; 4.J.172.231; 
10 4.J.172.236; 4.J.172237; 4 J.172.238; 4.J.172239; 4.J.172.154; 4J.172.157; 4J.172.166; 

4.J.172.169; 4J.172.172; 4.J.172.175; 4J.172.240; 4.J.172.244; 4.J.175.228; 4J.175m 

4.J.175.230; 4J.175.231; 4J.175.236; 4.J.175237; 4J.175.238; 4J.175.239; 4 J.175.154; 

4.J.175.157; 4.J.175.166; 4 J.175.169; 4 J.175.172; 4.J.175.175; 4.J.175m 4.J.175244; 

4J.240228; 4J.240229; 4J.240.230; 4J.240231; 4.J.240.236; 4.J.240.237; 4 J.240.238; 
15 4J.240.239; 4J.240.154; 4.J.240.157; 4 J.240.166; 4.J.240.169; 4.J.240.172; 4J.240.175; 

4.J.240.240; 4J.240.244; 4J.244228; 4.J.244229; 4.J.244.230; 4J.244.231; 4.J.244.236; 

4.J.244.237; 4.J.244.238; 4.J.244239; 4J.244.154; 4.J.244.157; 4.J.244.166; 4.J.244.169; 

4.J.244172; 4J.244.175; 4.J.244.240; 4J.244244; 

20 Prodrugs of 4L 

4.L.228.228; 4.L228.229; 4L.228.230; 4.L.228.231; 4L228.236; 4L228.237; 

4L.228.238; 4.L.228.239; 4.L.228.154; 4.L.228.157; 4.L.228.166; 4.L.228.169; 4.L.228.172; 

4.L228.175; 4.L.228.240; 4.L.228.244; 4.L.229.228; 4.L229.229; 4.L.229.230; 4.L.229.231; 

4.LJ229.236; 4.L.229237; 4.L.229.238; 4.L.229.239; 4.L.229.154; 4.L.229.157; 4.L.229.166; 
25 4.L.229.169; 4.L.229.172; 4.L.229;175; 4.L.229.240; 4.L229.244; 4.LJ230.228; 4L.230.229; 

4.L.230.230; 4.L.230.231; 4.L.230.236; 4.L.230.237; 4.L.230.238; 4.L.230.239; 4.L.230.154; 

4.L.230.157; 4.L.230.166; 4.L.230.169; 4.L.230.172; 4.L.230.175; 4.L.230.240; 4.L.230.244; 

4.L.231.228; 4.L.231.229; 4.L.231.230; 4.L.231.231; 4.L.231.236; 4.L.231.237; 4.L.231.238; 

4.L231.239; 4.L.231.154; 4.L.231.157; 4L.231.166; 4.L.231.169; 4.L.231.172; 4.L.231.175; 
30 4.L.231.240; 4.L.231.244; 4.L.236.228; 4.L.236.229; 4.L.236.230; 4.L.236.231; 4.LJ236.236; 

4L.236.237; 4.L.236.238; 4.L.236.239; 4.L.236.154; 4L.236.157; 4.L.236.166; 4.L.236.169; 

4.L.236.172; 4.L.236.175; 4.L.236.240; 4.L236.244; 4.L237.228; 4.L.237.229; 4.L.237.230; 

4.L.237.231;4.L.237.236; 4.L.237J237; 4L.237.238; 4.L.237.239; 4.L.237.154; 4.L.237.157; 

4.L.237.166; 4.L.237.169; 4.L.237.172; 4.L237.175; 4.L.237.240; 4.L.237.244; 4.L.238.228; 
35 4L.238.229; 4.L.238.230; 4.L.238.231; 4.L238.236; 4.L.238J237; 4.L.238.238; 4.L.238.239; 

4.L.238.154; 4.L.238.157; 4.L.238.166; 4.L238.169; 4.L.238.172; 4.L.238.175; 4.L.238.240; 

4.L238.244; 4.L.239.228; 4.L.239.229; 4.L.239.230; 4.L.239.231; 4.L.239.236; 4.L.239.237; 

4.L.239238; 4.L.239.239; 4.L.239.154; 4.L.239.157; 4.L.239.166; 4.L.239.169; 4.L.239.172; 

4.L.239.175; 4.L.239.240; 4.L.239.244; 4.L.154.228; 4.L.154.229; 4.L.154.230; 4.L.154231; 
40 4.L.154.236; 4.L.154237; 4L.154.238; 4.L.154239; 4.L.154154; 4.L.154157; 4.L.154.166; 

4.L.154.169; 4.L.154.172; 4.L.154.175; 4.L.154.240; 4.L.154.244; 4.L.157.228; 4.L.157J229i 

4.L.157.230; 4.L.157.231; 4.L.157.236; 4.L.157.237; 4.L.157.238; 4.L.157.239; 4.L.157.154. 

4.L.157.157; 4.L.157.166; 4.L.157.169; 4.L.157.172; 4.L.157.175; 4.L.157.240; 4.L.157.244, 

4.L.166.228; 4.L.166229; 4L.166.230; 4L.166.231; 4.L.166.236; 4.L.166.237; 4.L.166.238, 
45 4.L.166.239; 4.L.166.154; 4.L.166.157; 4.L.166.166; 4.L.166.169; 4.L.166.172; 4.L.166.175, 

4.L.166.240; 4L.166.244; 4.L.169.228; 4.L.169J229; 4.L.169.230; 4.L.169.231; 4.L.169.236, 
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4.L.169.237; 4.L.169.238; 4.L.169239; 4.L.169.154; 4.L.169.157; 4.L.169.166; 4.L.169.169; 

4.L.169.172; 4.L.169.175; 4.L.169^40; 4.L.169.244; 4.L.172.228; 4.L.172229; 4.L.172.230; 

4.L.172.231; 4.L.172.236; 4.L.172^37; 4.L.172.238; 4.L.172.239; 4.L.172.154; 4.L.172.157; 

4.L.172.166; 4.L.17Z169; 4.L.172.172; 4.L.172.175; 4.L.17Z240; 4.L.172^44; 4L.175.228; 
5 4.L.175229; 4.L.175.230; 4.L.175.231; 4.L.175.236; 4.L.175.237; 4.L.175J238; 4.L.175.239; 

4.L.175.154; 4.L.175.157; 4.L.175.166; 4.L.175.169; 4.L.175.172; 4.L.175.175; 4.L.175.240; 

4.L.175.244; 4.L.240.228; 4.L.240.229; 4.L.240.230; 4.L.240.231; 4.L.240.236; 4.L.240.237; 

4X^40238; 4.L.240^9; 4.L240.154; 4.L.240.157; 4L240.166; 4.L240.169; 4.L.240.172; 

4L.240.175; 4.L.240.240; 4.L.240.244; 4.L.244.228; 4.L.244.229; 4.L.244.230; 4.L.244.231; 
10 4.L244236; 4.L.244.237; 4X244.238; 4.L.244239; 4.L244.154; 4X.244.157; 4.L.244.166; 

4.L.244.169; 4.L.244172; 4.L.244.175; 4.L.244.240; 4.L.244.244; 

Prodrugs of 4.0 

4.0.228.228; 40.228229; 4.O228230; 4.0228.231; 4.0.228.236; 4.0.228237; 
15 4.0.228.238; 4.0.228239; 40228.154; 4.0.228.157; 4.0.228.166; 40.228.169; 

40228.172; 40228.175; 40.228240; 40.228244; 4.0.229228; 40.229.229; 

40.229.230; 40.229.231; 40.229.236; 4.0.229.237; 4.0.229.238; 40.229.239; 

4.0.229.154; 40229.157; 40.229.166; 40.229.169; 40.229.172; 40.229.175; 

4.O.229.240; 40.229.244; 40.230.228; 40.230.229; 4.O.230.230; 4.O.230231; 
20 4.O230.236; 40.230.237; 4.O.230.238; 4.O.230.239; 4.O.230.154; 40.230.157; 

4.O.230.166; 40.230.169; 4.O.230.172; 4.O230.175; 40.230240; 40.230244; 

40231.228; 40231.229; 4.O.231.230; 4.0.231.231; 4.0.231.236; 40.231.237; 

40.231.238; 4.0.231239; 40.231.154; 40.231.157; 4.0.231.166; 40.231.169; 

4.0.231.172; 4.0.231.175; 40.231.240; 4.0.231.244; 4.0.236.228; 40.236.229; 
25 40.236.230; 4.0236.231; 40.236236; 40.236.237; 4.0.236.238; 4.0.236239; 

4.0.236.154; 4.0.236.157; 4.0.236.166; 4.0.236.169; 4.0.236.172; 40236.175; 

40.236.240; 40236244; 40.237228; 40.237.229; 4.O237.230; 4.0.237231; 

40.237.236; 4.0.237.237; 4.0.237.238; 4.0.237.239; 4.0.237.154 40.237.157; 

4.0.237.166; 40.237.169; 40.237.172; 40.237.175; 4.0237.240; 40.237.244; 
30 4.0238228; 4.0.238.229; 40238.230; 4.0.238.231; 4.0.238.236; 40.238.237; 

4.0.238.238; 40238.239; 40.238.154; 4.0.238.157; 40.238.166; 40.238.169; 

40.238.172; 4.0.238.175; 4.O.238.240; 4.0.238.244; 4.0.239.228; 40.239.229; 

4.O239230; 40239231; 40239236; 4.0239.237; 4.0239.238; 40.239239; 

4.0.239.154; 40.239.157; 40.239.166; 4.0239.169; 4.0239.172; 40.239.175; 
35 4.O.239.240; 40239.244; 40.154228; 4.0.154229; 40.154230; 40.154.231; 

4.0.154.236; 4.0.154.237; 4.0.154238; 4.0.154239; 4.0.154.154; 40.154157; 

4.0.154.166; 40.154.169; 4.0.154172; 4.0.154.175; 4.O.154.240; 40.154.244; 

4.0.157.228; 40.157.229; 40.157.230; 4.0.157.231; 4.0.157.236; 40.157237; 

4.0.157238; 40.157.239; 40.157.154; 4.0.157.157; 4.0.157.166; 40.157.169; 
40 40.157.172; 40.157.175; 40.157.240; 4.0.157.244; 4.0.166.228; 40.166229; 

40.166.230; 4.0.166231; 40.166.236; 4.0.166.237; 4.0.166.238; 4.0.166.239; 

40.166.154; 40.166.157; 40.166.166; 40.166.169; 40.166.172; 40.166.175; 

40.166.240; 4.0.166.244; 40.169.228; 4.0.169229; 4.O.169.230; 40.169.231; 

4.0.169236; 40.169237; 40.169238; 40.169.239; 40.169.154 40.169.157; 
45 4.0.169.166; 40.169.169; 40.169.172; 4.0.169.175; 4.O.169.240; 4.0.169.244; 

4.0.172228; 40.172229; 40.172230; 4.0.172.231; 40.172.236; 4.0.172237; 
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4.0.172.238; 4.0.172.239; 4.0.172.154; 4.0.172.157; 4.0.172.166; 4.0.172.169; 

4.0.172.172; 4.0.172.175; 4.O.17Z240; 4.0.17Z244; 4.0.175.228; 4.0.175.229; 

4.0.175^; 40.175.231; 4.0.175.236; 4.0.175.237; 4.0.175.238; 4.0.175239; 

4.0.175.154; 4.0.175.157; 40.175.166; 4.0.175.169; 4.0.175.172; 40.175.175; 
5 4.O.175.240; 4.0.175.244; 4.O.240.228; 40.240.229; 40.240230; 40.240.231; 

4O240.236; 4.O.240.237; 40^40.238; 4.O240.239; 40.240.154; 40.240.157; 

4.O240.166; 40.240.169; 40.240.172; 4.O.240.175; 4.O.240.240; 40.240.244; 

4.0.244.228; 40.244.229; 40:244230; 40244231; 40.244.236; 40.244237; 

4.0.244.238; 40.244.239; 40.244.154; 40.244.157; 4.0.244.166; 40.244.169; 
10 40244.172; 4.0.244.175; 40.244240; 4.0.244244; 

Prodrugs of 4 J* 

4.P.228.228; 4.P.228.229; 4.P.228.230; 4.P.228.231; 4.P.228.236; 4P.228.237; 

4P228.238; 4P228.239; 4P.228.154; 4JP.228.157; 4P.228.166; 4P.228.169; 4.P228.172; 
15 4.P.228.175; 4P.228.240; 4.P228.244; 4.P.229.228; 4P.229.229; 4.P.229.230; 4.P.229.231; 

4P229.236; 4P.229.237; 4JP.229.238; 4P.229.239; 4P.229.154; 4P229.157; 4P229.166; 

4J.229.169; 4.P.229.172; 4.P.229.175; 4.P.229.240; 4P.229.244; 4.P.230.228; 4.P.230.229; 

4P.230.230; 4JP.230.231; 4P230.236; 4.P.230.237; 4.P.230.238; 4.P.230.239; 4.P.230.154; 

4.P.230.157; 4.P.230.166; 4.PJ230.169; 4.P.230.172; 4P.230.175; 4.P.230.240; 4.P.230.244; 
20 4P.231.228; 4.P.231.229; 4.P231.230; 4.P.231.231; 4P.231.236; 4P.231.237; 4P.231.238; 

4.P.231.239; 4P.231.154; 4.P.231.157; 4.P.231.166; 4P.231.169; 4P.231.172; 4P.231.175; 

4.P.231.240; 4.P.231244; 4P236.228; 4P.236229; 4JP.236.230; 4.P.236.231; 4.P.236.236; 

4.P.236.237; 4.P.236.238; 4.P236.239; 4.P.236.154; 4.P.236.157; 4.P.236.166; 4PJ236.169; 

4.P.236.172; 4P.236.175; 4.P236240; 4P.236.244; 4P.237.228; 4.P.237.229; 4.P.237.230; 
25 4.P.237.231; 4P.237.236; 4.P237.237; 4P.237.238; 4.P.237.239; 4.P237.154; 4.P.237.157; 

4.P.237.166; 4.P.237.169; 4.P237.172; 4P.237.175; 4.P.237.240; 4.P.237.244; 4.P.238.228; 

4.P.238.229; 4.P.238.230; 4P.238231; 4P.238.236; 4P.238.237; 4P.238.238; 4.P.238.239; 

4.P:238.154; 4P.238.157; 4.P.238.166; 4.P.238.169; 4P.238.172; 4.P.238.175; 4.P.238.240; 

4P238.244; 4.P.239.228; 4P239.229; 4.P.239.230; 4P.239.231; 4.P239.236; 4.P.239.237; 
30 4P.239.238; 4P.239.239; 4.P.239.154; 4.P.239.157; 4P.239.166; 4.P.239.169; 4.P.239.172; 

4P.239.175; 4P.239.240; 4P239.244; 4P.154.228; 4P.154229; 4P.154.230; 4.P.154.231; 

4.P.154.236; 4.P.154.237; 4.P.154.238; 4.P.154.239; 4P.154.154; 4.P.154.157; 4.P.154.166; 

4P.154.169; 4.P.154172; 4P.154175; 4P.154240; 4P.154.244; 4P.157.228; 4P.157.229; 

4P.157.230; 4P.157.231; 4.P.157.236; 4.P.157.237; 4P.157.238; 4.P.157.239; 4.P.157.154; 
35 4P.157.157; 4.P.157.166; 4P.157.169; 4.P.157.172; 4P.157.175; 4P.157.240; 4.P.157.244; 

4.P.166.228; 4.P.166.229; 4.P.166.230; 4.P.166.231; 4P.166.236; 4.P.166.237; 4.P.166.238; 

4P.166.239; 4.P.166.154; 4.P.166.157; 4P.166.166; 4P.166.169; 4.P.166.172; 4.P.166.175; 

4.P.166240; 4.P.166.244; 4.P.169.228; 4P.169.229; 4P.169.230; 4.P.169.231; 4.P.169.236; 

4.P.169.237; 4.P.169238; 4P.169.239; 4P.169.154; 4P.169.157; 4.P.169.166; 4.P.169.169; 
40 4P.169.172; 4.P.169.175; 4.P.169.240; 4P.169J244; 4P.172.228; 4.P.172.229; 4P.172.230; 

4.P.172.231; 4P.172.236; 4P.172237; 4.P.172.238; 4P.172.239; 4.P.172.154; 4.P.172.157; 

4.P.172.166; 4P.172.169; 4P.172.172; 4P.172.175; 4P.172.240; 4.P.172.244; 4P.175.228; 

4.P.175.229; 4P.175.230; 4.P.175.231; 4P.175.236; 4.P.175.237; 4.P.175.238; 4P.175.239; 

4.P.175.154; 4P.175.157; 4P.175.166; 4P.175.169; 4.P.175.172; 4P.175.175; 4P.175.240; 
45 4.P.175.244; 4P.240.228; 4.P.240229; 4P.240.230; 4P.240.231; 4.P240.236; 4P.240.237; 

4.P.240.238; 4P.240239; 4P240.154; 4P.240.157; 4P.240.166; 4.P.240.169; 4P.240.172; 

- 140 - 



wo 03/090690 PCT/DS03/12901 



4.P.240.175; 4P.240.240; 4.P240.244; 4.P.244.228; 4P.244.229; 4.P.244.230; 4.P.244.231; 
4P.244.236; 4P.244.237; 4P.244.238; 4P.244.239; 4P.244154; 4.P.244.157; 4P.244.166; 
4P.244.169; 4P.244.172; 4P.244.175; 4P.244.240; 4P.244.244; 

Prodrugs of 4.U 

4.U.228.228; 4U.228.229; 4.UJ228.230; 4U.228.231; 4U.228236; 4.U.228237; 



4.U.228.238; 4.U.228.239 
4U.228.172; 4U.228.175 
4.U.229.230; 4U.229.231 

10 4U229.154; 4.U.229.157 
4.U.229.240; 4.U.229.244 
4.U.230.236; 4U.230.237 
4.U.230.166; 4.U.230.169 
4.U231228; 4.U.231.229 

15 4.U.231.238; 4.U.231.239 
4.U231.172; 4.U.231.175 
4.U.236.230; 4.U.236.231 
4U.236.154; 4U.236.157 
4.U.236.240; 4.U.236244 

20 4U.237.236; 4U.237.237 
4.U.237.166;4.U.237.169 
4U.238.228; 4U.238.229 
4U.238.238; 4.U.238.239 
4.U.238.172; 4.U.238.175 

25 4.U.239.230; 4U.239.231 
4.U.239.154; 4.U.239.157 
4.U.239.240; 4U.239.244' 
4.U.154.236; 4.U.154.237 
4.U.154166; 4U.154.169 

30 4.U.157.228; 4.U.157.229 

4.U.157.238; 4U.157.239 
4.U.157.172; 4U.157.175 
4.U.166.230; 4U.166.231 
4.U.166.154; 4.U.166.157 

35 4.U.166.240; 4U.166.244 
4.U.169.236; 4.U.169.237 
4.U.169.166; 4.U.169.169 
4.U.172.228; 4.U.172.229 
4.U.172238; 4.U.172.239 

40 4U.172.172; 4.U.172.175 
4.U.175.230; 4.U.175.231 
4.U.175.154; 4.U.175.157 
4.U.175.240; 4U.175244 
4U.240.236; 4.U.240.237 

45 4.UJ240.166; 4.U.240.169 
4.U244.228; 4.U.244229 



4.U.228.154; 4.U.228.157; 4U.228.166; 4.U.228.169 
4.U.228.240; 4.U228.244; 4.U.229228; 4.U.229229 
4.U.229236; 4.U.229237; 4.U229.238; 4.U.229239 
4.U.229.166; 4.U229.169; 4.U.229.172; 4U.229.175 
4U.230.228; 4.U.230.229; 4.U.230.230; 4U.230.231 
4.U.230238; 4.U230.239; 4.U.230.154; 4U.230.157 
4.U.230.172; 4.U.230.175; 4.U.230.240; 4.U.230.244 
4U.231.230;4.U231.231; 4.U.231236; 4U.231237 
4U.231.154; 4.U.231.157; 4.U.231.166; 4.U.231.169 
4.U.231.240;4.U.231.244; 4.U.236.228; 4U.236229 
4U.236.236; 4.U.236.237; 4.U.236.238; 4.U.236.239 
4U.236.166; 4.U.236.169; 4.U236.172; 4.U.236.175 
4.U.237.228; 4.U.237229; 4.U.237.230; 4.U.237.231 
4U.237.238; 4.U.237.239; 4.U.237.154; 4.U.237.157 
4U.237172; 4.U.237.175; 4.U.237.240; 4.U.237244 
4U.238.230; 4.U.238.231; 4.U.238.236; 4U.238.237 
4U.238.154; 4.U.238.157; 4.U.238.166; 4U.238.169 
4.U.238.240; 4.U.238.244; 4.U.239.228; 4U.239.229 
UJ 239236; 4.U.239.237; 4.U.239.238; 4U.239239 
4.U.239.166; 4.U.239.169; 4.U.239.172; 4.U.239.175 
4U.154.228; 4.U.154229; 4U.154.230; 4U.154231 
4.U.154.238; 4.U.154.239; 4.U.154.154; 4U.154.157 
4U.154.172; 4.U.154175; 4.U.154.240; 4.U.154244 
4U.157.230; 4.U.157.231; 4.U.157.236; 4U.157.237 
4U.157,154; 4.U.157.157; 4.U.157.166; 4U.157.169 
4.U.157.240; 4.U.157.244; 4.U.166.228; 4U.166.229 
4U.166.236;4.U.166.237; 4.U.166.238; 4.U.166.239 
4.U.166.166; 4.U.166.169; 4.U.166.172; 4.U.166.175 
4U.i69.228; 4.U.169.229; 4.U.169.230; 4.U.169231 
4U.169.238; 4.U.169.239; 4.U.169.154; 4.U.169.157 
4.U.169.172; 4.U.169.175; 4.U.169.240; 4.U.169244, 
4.U.172.230; 4.U.172.231; 4U.172.236; 4.U.172237 
4U.17Z154;4.U.17Z157; 4.U.172.166; 4.U.172.169 
4.U.172.240;4.U.172.244; 4.U.175.228; 4.U.175229 
4U.175.236; 4.U.175.237; 4.U.175.238; 4U.175.239 
4U.175.166; 4.U.175.169; 4U.175.172; 4.U.175.175 
4U.240.228; 4.U.240.229; 4.U.240.230; 4.U.240.231 
4U.240.238; 4.U.240.239; 4.U.240.154; 4.U.240.157 
4U.240.172; 4.U.240.175; 4U.240.240; 4U.240.244 
4U.244230; 4.U.244231; 4U.244.236; 4U.244237 
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4.U^44.238; 4.U244239; 4U.244.154; 4.U.244.157; 4.U.244.166; 4.U.244.169; 
4.U.244.172; 4.UJ244.175; 4U.244.240; 4U.244.244; 

Prodrugs of 4.W 

5 4.W.228.228; 4W.228.229; 4.W.228.230; 4.W J28.231; 4.W.228.236; 4.W.228.237; 

4.W.228.238; 4W.228.239; 4.W.228.154; 4.W.228.157; 4.W.228.166; 4.W.228.169; 

4.W.228.172; 4.W.228.175; 4W.228.240; 4.WJ228.244; 4W.229.228; 4.W.229.229; 

4.W.229.230; 4.W.229.231; 4W.229.236; 4.W.229.237; 4.WJ229J238; 4WJ229J239; 

4.W.229.154; 4.W.229.157; 4W.229.166; 4.W.229.169; 4.W.229.172; 4.W.229.175; 
10 4.W.229.240; 4W.229.244; 4.W.230.228; 4.W.23G.229; 4W.230.230; 4.W.230.231; 

4.W.230.236; 4W.230.237; 4.W.230.238; 4.W.230.239; 4WJ230.154; 4.W.230.157; 

4.W230.166; 4.W.230.169; 4.W.230.172; 4.W.230.175; 4.W.230.240; 4.W.230.244; 

4.W.231.228; 4W.231.229; 4W.231.230; 4.W231.231; 4W.231.236; 4.W.231.237; 

4.W.231.238; 4.W.231.239; 4.W.231.154; 4.W.231.157; 4.W.231.166; 4.W.231.169; 
15 4.W.231.172; 4.W.231.175; 4W.231.240; 4.W.231.244; 4.W.236.228; 4.W.236.229; 

4.W.236.230; 4.W.236.231; 4W.236.236; 4.W.236.237; 4.W.236.238; 4.W.236.239; 

4.W.236.154; 4.W.236.157; 4W.236.166; 4.W.236.169; 4.W.236.172; 4.W.236.175; 

4.W.236.24G; 4W.236.244; 4W.237.228; 4.W.237.229; 4.W.237230; 4.W.237.231; 

4.W.237.236; 4.W.237.237; 4.W.237.238; 4.W.237.239; 4.W.237154; 4.W.237.157; 
20 4.WJ237.166; 4.W.237.169; 4.W.237172; 4.W.237.175; 4.W.237.240; 4.W.237.244; 

4.W.238.228; 4W.238.229; 4W.238.230; 4.W.238.231; 4.W.238.236; 4.WJ238.237; 

4.W.238.238; 4.W.238.239; 4.W.238.154; 4.W.238.157; 4W.238.166; 4.W.238.169; 

4.W.238.172; 4.W.238.175; 4W.238.240; 4.WJ238.244; 4.W.239J228; 4.W.239.229; 

4.W:239.230; 4.W.239.231; 4.W.239.236; 4.W.239.237; 4.W.239.238; 4.W.239J239; 
25 4.W.239.154; 4.W.239.157; 4.W.239.166; 4.W.239.169; 4.W.239.172; 4.W.239.175; 

4.W.239.240; 4.W.239.244; 4W.154.228; 4.W.154.229; 4.W.154230; 4W.154.231; 

4.W.154.236; 4.W.154.237; 4.W.154238; 4.W.154.239; 4.W.154.154; 4.W.154.157; 

4.W.154.166; 4.W.154.169; 4W.154.172; 4W.154.175; 4.W.154.240; 4.W.154.244; 

4.W.157.228; 4.W.157.229; 4W.157.230; 4.W.157.231; 4W.157.236; 4.W.157.237; 
30 4.W.157.238; 4.W.157.239; 4.W.157.154; 4.W.157.157; 4.W.157166; 4.W.157.169; 

4.W.157.172; 4.W.157.175; 4W.157.240; 4.W.157.244; 4.W.166.228; 4.W.166.229; 

4.W.166.230; 4.W.166.231; 4.W.166.236; 4.W.166.237; 4W.166.238; 4.W.166.239; 

4.W.166.154; 4W.166.157; 4W.166.166; 4.W.166.169; 4W.166.172; 4.W.166.175; 

4.W.166.240; 4W.166.244; 4W.169.228; 4.W.169.229; 4W.169.230; 4.W.169.231; 
35 4.W.169.236; 4.W.169.237; 4.W.169.238; 4.W.169.239; 4W.169.154; 4.W.169.157; 

4.W.169.166; 4W.169.169; 4W.169.172; 4W.169.175; 4W.169.240; 4.W.169.244; 

4.W.172.228; 4.W.172.229; 4.W.172.230; 4W.172.231; 4W.172.236; 4.W.172.237; 

4.W.172.238; 4.W.172.239; 4.W.172.154; 4.W.172.157; 4W.172.166; 4W.172.169; 

4.W.172.172; 4.W.172.175; 4W.172.240; 4.W.172.244; 4W.175.228; 4.W.175.229; 
40 4.W.175.230; 4.W.175.231; 4.W.175.236; 4.W.175.237; 4.W.175238; 4.W.175.239; 

4.W.175.154; 4W.175.157; 4W.175.166; 4.W.175.169; 4W.175.172; 4.W.175.175; 

4.W.175.240; 4.W.175.244; 4W.240.228; 4.W.240.229; 4.W.240.230; 4.W.240.231; 

4.W.240.236; 4.W.240.237; 4.W.240.238; 4.W.240.239; 4W.240.154; 4.W.240.157; 

4.W.240.166; 4W.240.169; 4W.240.172; 4.W.240.175; 4.W.240.240; 4.W.240.244; 
45 4.W.244228; 4.W.244.229; 4.W.244.230; 4.W.244.231; 4.W.244236; 4.W.244.237; 
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^W24ii238; 4.W.244^9; 4.W^44154; 4.W^44.157; 4.W.24il66; 4.W.244.169; 
4.WJ244.172; 4.W^44.175; 4.W.244.240; 4.W^44.244; 

Prodrugs of 4.Y 

5 4.Y.228228; 4.Y228^9; 4.Y.228^0; 4Y.228:231; 4Y,228.236; 4Y^8.237; 

4.Y.228.238; 4.Y.228.239; 4.Y^.154; 4.Y^.157; 4.Y^.166; 4.Y^.169; 

4Y.228.172; 4Y^.175; 4Y^^40; 4Y228^44; 4.Y:229.228; 4.Y.229229; 

4.Y.229.230; 4.Y^.231; 4.Y^9^6; 4.Y.229^7; 4.Y.229.238; 4.Y.229.239; 

4Y.229.154; 4Y^9.157; 4Y^9.166; 4Y:229.169; 4Y229.172; 4.Y.229.175; 
10 4.Y^9.240; 4Y.229.244; 4.Y.230228; 4.Y^^9; 4.Y.230^0; 4.Y.230231; 

4Y.230^; 4.Y^.237; 4.Y.230.238; 4.Y.230.239; 4.Y^30.154; 4.Y^30.157; 

4Y.230.166; 4Y230.169; 4Y.230.172; 4.Y.230.175; 4.Y^0240; 4.Y.230^44; 

4Y.231.228; 4.Y.231.229; 4.Y.231.230; 4Y.231231; 4.Y.231236; 4.Y^31.237; 

4Y^1.238; 4.Y^1.239; 4Y.231.154; 4.Y.231.157; 4.Y.231.166; 4.Y.231.169; 
15 4Y231.172; 4.Y.231 .175; 4.Y.231.240; 4Y.231244; 4Y.236.228; 4.Y236.229; 

4Y.236.230; 4Y^.231; 4.Y.236^; 4.Y.236.237; 4.Y.236238; 4.Y236239; 

4.Y.236.154; 4.Y.236.157; 4.Y.236.166; 4.Y.236.169; 4.Y^36.172; 4.Y.236.175; 

4Y.236.240; 4Y^.244; 4.Y.237228; 4.Y^7229; 4.Y237230; 4Y^7^1; 

4.Y.237.236; 4.Y.237.237; 4Y.237.238; 4.Y.237.239; 4.Y.237.154; 4.Y.237.157; 
20 4.Y237.166; 4Y.237.169; 4Y.237.172; 4.Y237.175; 4.Y.237.240; 4Y.237.244; 

4.Y.238.228; 4Y.238.229; 4Y.238.230; 4.Y.238.231; 4.Y.238.236; 4.Y238.237; 

4.Y.238.238; 4Y.238.239; 4.Y.238.154; 4.Y.238.157; 4.Y.238.166; 4Y238.169; 

4.Y.238.172; 4.Y.238.175; 4Y.238.240; 4.Y.238.244; 4.Y.239.228; 4.Y.239.229; 

4Y^9.230; 4Y.239.231; 4Y.239.236; 4.Y.239.237; 4.Y.239J238; 4Y^9.239; 
25 4.Y.239.154; 4Y.239.157; 4Y.239.166; 4.Y.239.169; 4.Y.239.172; 4.Y.239.175; 

4Y.239.240; 4Y^9.244; 4Y.154228; 4.Y.154.229; 4.Y.154.230; 4.Y.154.231; 

4.Y.154.236; 4Y.154.237; 4Y.154.238; 4.Y.154239; 4.Y.154.154; 4.Y.154.157; 

4Y.154.166; 4Y.154.169; 4.Y.154172; 4.Y.154.175; 4.Y.154.240; 4.Y.154.244; 

4Y.157.228; 4Y.157.229; 4Y.157.230; 4.Y.157.231; 4.Y.157.236; 4.Y.157.237; 
30 4.Y.157.238; 4.Y.157.239; 4.Y.157.154; 4Y.157.157; 4.Y.157.166; 4.Y.157.169; 

4Y.157.172; 4Y.157.175; 4Y.157.240; 4Y.157.244; 4.Y.166^8; 4Y.166.229; 

4.Y.166.230; 4Y.166.231; 4Y.166.236; 4.Y.166.237; 4.Y.166.238; 4.Y.166.239; 

4Y.166.154; 4Y.166.157; 4.Y.166.166; 4.Y.166.169; 4.Y.166.172; 4.Y.166.175; 

4.Y.166.240; 4.Y.166.244; 4Y.169.228; 4Y.169.229; 4.Y.169.230; 4.Y.169.231; 
35 4Y.169.236; 4Y.169.237; 4.Y.169.238; 4.Y.169.239; 4.Y.169.154; 4Y.169.157; 

4.Y.169.166; 4Y.169.169; 4.Y.169.172; 4.Y.169.175; 4.Y.169.240; 4.Y.169.244; 

4Y.172^; 4Y.172.229; 4.Y.172^0; 4.Y.172.231; 4.Y.172^6; 4.Y.172^7; 

4.Y.172.238; 4Y.172.239; 4Y.172.154; 4.Y.17Z157; 4.Y.172.166; 4.Y.172.169; 

4.Y.172.172; 4Y.172.175; 4Y.172.240; 4Y.172.244; 4Y.175^; 4.Y.175^; 
40 4.Y.175.230; 4Y.175^1; 4.Y.175.236; 4Y.175.237; 4.Y.175238; 4.Y.175.239; 

4.Y.175.154 4.Y.175.157; 4.Y.175.166; 4.Y.175.169; 4.Y.175.172; 4Y.175.175; 

4.Y.175.240; 4.Y.175.244; 4.Y.240^8; 4.Y.240229; 4.Y.240230; 4.Y240^1; 

4.Y^40.236; 4Y240J237; 4Y240238; 4.Y^40.239; 4.Y240.154; 4.Y.240.157; 

4.Y.240.166; 4Y.240.169; 4Y.240.172; 4.Y.240.175; 4.Y.240240; 4.Y.240.244; 
45 4.YJ244.228; 4Y.244.229; 4Y244230; 4.Y.244231; 4.Y^44236; 4.Y.244^7; 
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4.Y.244238; A.Y.244J239; 4Y.244.154; 4.Y.244.157; 4.Y^44166; 4.Y.244.169; 
4.Y^44.172; 4Y.244.175; 4Y.244.240; 4.Y.244^44; 

Prodrugs of 5.B 

5.B.228.228; 5.B.228.229; 5.B228.230; 5.B228^1; 5.B^8.236; 5.B.228.237; 



5.B.228.238 
5.B.228.175 
5.B.229.236 
5.B.229.169 
5.B.230.230, 
5.B.230.157, 
5.6.231^8 
5.B.231.239 
5.B.231.240, 
5.B.236.237, 

5.B.236.172 
5.B.237.231 
5.B.237.166 
5.B.238.229 
5.B.238.154, 
5.B.238.244 

5.B.239238 
5.B.239.175 
5.B.154.236 
5.B.154.169 
5.B.157.230 
5.B.157.157 
5.B.166.228 

5.B.166239 
5.B.166.240 

5.B.169237 
5.B.169.172 

5.B.172231 
5.B.172.166 
5.8.175^9 
5.B.175.154 
5.B.175244, 
5.B.240.238 
5.B240.175, 
5.B244236 
5.B244.169 



5.B.228^9; 5.B.228.154 
5.B.228.240; 5.B.228^44 
5.B^9^37; 5.B.229.238 
5.B.229.172; 5.B.229.175 
5.BJ230.231; 5.BJ230.236, 
5.B.230.166; 5.B.230.169 
5.B^1^; 5.B^1.230 
5.B.231.154; 5.B.231.157 
5.B.231^44; 5.B^.228 
5.B.236-238; 5.B.236.239 
5.B^6.175; 5.B^.240 
5.B.237.236; 5.6.237.237 
5.B.237.169; 5.B^7.172, 
5.B.238.230; 5.B.238.231 
5.B.238.157; 5.B^.166, 
5.B.239.228; 5.B.239.229 
5.B.239.239; 5.B.239.154, 
5.B.239.240; 5.B.239.244 
5.B.154^7; 5.B.154.238 
5.B.154.172; 5.B.154.175 
5.B.157.231; 5.B.157.236, 
5.B.157.166; 5.B.157.169 
5.B.166.229; 5.B.166.230 
5.B.166.154; 5.B.166.157 
5.B.166.244; 5.B.169.228 
5.B.169.238; 5.B.169.239 
5.B.169.175; 5.B.169.240 
5.B.172^; 5.B.172.23Z 
5.B.172.169; 5.B.172.172. 
5.B.175.230; 5.B.175.231 
5.B.175.157; 5.B.175.166 
5.B.240:228; 5.B^40.229 
5.B.240.239; 5.B.240.154 
5.B.240.240; 5.B^40.244, 
5.B.244.237; 5.B.244.238 
5.B.244.172; 5.B^44.175 



5.B.228.157; 5.B.228.166 
5.B.229.228; 5.B.229.229 
5.8^9.239; 5JB.229.154 
5.B.229.240; 5.B.229.244 
5.B.230.237; 5.B.230^ 
5.B.230.172; 5.B.230.175 
5.B.231.231; 5.B.231^ 
5.B.231.166; 5.B.231.169 
5.B.236.229; 5.B.236.230 
5.B.236.154; 5.B.236.157 
5.B.236.244; 5.BJ237.228 
5.B.237.238; 5.B.23Z239 
5.B.237.175; 5.B.237.240 
5.B.238236; 5.B.238.237 
5.B.238.169; 5.B.238.172, 
5.B.239.230; 5.B.239.231 
5.B.239.157; 5.B.239.166 
5.B.154.228; 5.B.154229 
5.B.154^9; 5.B.154.154 
5.B.154240; 5.B.154244 
5.B.157.237; 5.B.157.238 
5.B.157.172; 5.B.157.175 
5.B.166.231; 5.B.166.236 
5.B.166.166; 5.B.166.169 
5.B.169.229; 5.B.169.230 
5.B.169.154; 5.B.169.157 
5.B.169.244; 5.B.172.228 
5.B.172^; 5.B.172^9 
5.B.172.175; 5.B.172.240 

5.B.175.236; 5.B.175^7 
5.B.175.169; 5.B.175.172 
5.B.240.230; 5.8.240^1 
5.B.240.157; 5.8.240.166 
5.B.244228; 5.8.244.229 
5.8.244.239; 5.8.244.154, 
5.8.244.240; 5.8.244.244, 



5.8.228.169; 
5.B.229.230; 
5.8.229.157; 
5.8.230.228; 

5.8.230.239 
5.B.230.240, 
5.8.231.237 
5.B.231.172. 
5.8.236.231. 
5.8.236.166, 
5.B.237.229 
5.B.237.154, 
5.8.237.244, 

5.8.238.238 
5.8.238.175, 

5.8.239.236 
5.8.239.169 
5.8.154.230, 
5.8.154.157 
5.8.157.228 
5.B.157.239 
5.8.157.240 
5.B.166.237 
5.8.166.172 
5.8.169.231 
5.8.169.166 
5.B.172.229 
5.8.172.154 
5.8.172.244 

5.8.175J238 
5.8.175.175 

5.8.240.236 
5.8.240.169 
5.8.244.230 



5.8.228.172; 
5.8.229.231; 
5.8.229.166; 
5.8.230.229; 
5.8.230.154; 
5.8.230.244; 
5.B.231J238; 
5.B.231.175; 
5.8.236.236; 
5.8.236.169; 
5.8.237.230; 
5.B.237157; 
5.8.238.228; 
5.B.238.239; 
5.8.238.240; 
5.B.239.237; 
5.B.239.172; 
5.B.154.231; 
5.8.154.166; 
5.8.157.229; 
5.B.157.154; 
5.8.157.244; 
5.B.166.238; 
5.8.166.175; 
5.B.169.236; 
5.8.169.169; 
5.B.172J230; 
5.8.172.157; 
5.8.175.228; 
5.8.175.239; 
5.B.175.240; 
5.8.240.237; 
5.B.240.172; 
5.B.244.231; 



5.B.244.157; 5.8.244.166; 



45 



Prodrugs of 5.D 

5.D.228.228; 5.D.228229; 5.D.228.230; 5.D.228.231; 5.DJ228.236; 5.D.228.237; 
5.D.228.238; 5.D.228.239; 5.D.228.154; 5.D.228.157; 5.D.228.166; 5.D.228.169; 
5.D.228.172; 5.D.228.175; 5.D.228.240; 5.D228.244; 5.D.229.228; 5.D.229.229; 
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5.D.229.230 
5.D.229.154 
5.D.229^40 
5.D.230.236 
5.D.230.166 
5.D^1.228 
5.D^1.238 
5.D.231.172 
5.D.236.230 
5.D.236.154 
5.D.236.240 
5.D.237.236 
5.D.237.166 
5.D.238.228 
5.D.238.238 
5.D.238.172 
5.D.239.230 
5.D.239.154 
5.D.239.240 
5.D.154.236, 
5.D.154166 

5.D.157.228 
5.D.157.238 
5.D.157.172 
5.D.166.230 
5.D.166.154 
5.D.166.240 
5.D.169.236 

5.D.169.166 
5.D.172.228 
5.D.172.238 
5.D.17Z172 
5.D.175.230 
5.D.175.154, 
5.D.175.240, 
5.D.240.236 
5.D.240.166, 
5.D.244.228, 
5.D.244^, 
5.D.244.172 



5.D.229231 

5.D^9.157 

5.D.229244 

5.D.230237 

5.D.230.169 

5.D.231.229 

5.D.231.239 

5.D.231.175 

5.D.236.231 

5.D.236.157 

5.D.236.244 

5.D.237237 

5.D.237.169 

5.D.238229 

5.D.238.239 

5.D.238.175 

5.D.239.231 

5.D.239.157, 

5.D.239.244 

5.D.154.237 

5.D.154.169 

5.D.157^9 

5.D.157.239 

5.D.157.175 

5.D.166.231 

5.D.166.157 

5.D.166244 

5.D.169.237 

5.D.169.169 

5.D.172.229 

5.D.172^9 

5.D.172.175 

5.D.175^1 

5.D.175.157 

5.D.175^44 

5.D.240.237 

5.D.240.169 

5.D.244.229 

5.D.244.239 

5.D.244175 



5.D.229236 
5.D.229.166^ 
5.D.230^8, 
5.D.230.238 
5.D.23Q.172 
5.D.231^ 
5.D.231.154 
5.0:231.240 
5.D.236.236^ 
5.P.236.166! 
5.D.237.228 
5.D.237.238 
5.D.237.172 
5.D.238.230 
5.D.238.154 
5.D.238.240 
5.D.239.236 
5.D.239.166 
5.D.154.228 

5.D.154238 
5.D.154172 
5.D.157.230, 
5.D.157.154 
5.D.157.240 
5.D.166.236 
5.D.166.166 

5.D.169.228 
5.D.169.238 
5.D.169.172! 

5.D.172.230 
5.D.172.154 
5.D.172.240 
5.D.175.236 
5.D.175.166 
5.D.24Q.228 
5.D.240.238 

5.D.240.172 
5.D.244.230 
5.D.244.154 
5.D.244.240 



; 5.D.229.237; 
; 5.D229.169; 
; 5.D230.229; 
; 5.D.230.239; 
; 5.D.230.175; 
; 5.D231.231; 
; 5.D.231.157; 
; 5.D.231.244; 
; 5.D.236.237; 
; 5.D236.169; 
; 5.D.237.229; 
; 5.D.237.239; 
; 5.D.237.175; 
; 5.D.238.231; 
; 5.D238.157; 
; 5.D.238.244; 
; 5.D.239.237; 
; 5.D.239.169; 
; 5.D.154.229; 
; 5.D.154.239; 
; 5.D.154.175; 
; 5.D.157.231; 
; 5.D.157.157; 
; 5.D.157.244; 
; 5.D.166.237; 
; 5.D.166.169; 
;5.D.169.229; 
; 5.D.169.239; 
; 5.D.169.175; 
; 5.D.172.231; 
; 5.D.172.157; 
; 5.D.172.244; 
; 5.D.175.237; 
; 5.D.175.169; 
; 5.D.240.229; 
; 5.D.240.239; 
; 5.D.240.175; 
; 5.D.244.231; 
; 5.D.244.157; 
f 5 • L^*244*244 f 



5.D.229.238 
5.D.229.172, 

5.D.230.230, 
5.D.230.154i 
5.D.230.240 
5.D.231236 
5.D.231.166, 
5.D.236228, 

5.D.236.238 
5.D.236.172, 

5.D.237.230 
5.D.237.154, 
5.D.237.240, 
5.D.238236i 
5.D.238.166 
5.D.239228, 
5.D.239.238 
5.D.239.172, 
5.D.154.230 
5.D.154.154; 
5.D.154240 
5.D.157236 
5.D.157.166 
5.D.166.228 
5.D.166.238 
5.D.166.172 
5.D.169.230 
5.D.169.154, 
5.D.169240 
5.D.172.236, 
5.D.172-166, 
5.D.175.228 
5.D.175JJ38 
5.D.175.172 

5.D.240.230, 
5.D.240.154 
5.D.240240, 
5.D.244.236, 
5.D.244.166 



5.D.229.239 
5.D.229.175 
5.D.230.231 
5.D.230.157, 
5.D.230.244, 
5.D231.237 
5.D.231.169 
5.D.236.229! 

5.D.236.239 
5.D236.175 
5.D.237.231 

5.D.237.157 
5.D.237.244, 
5.D.238.237, 
5.D.238.169 
5.D.239.229 
5.D.239.239 
5.D.239.175 
5.D.154.231 
5.D.154.157, 
5.D.154.244 

5.D.157.237 
5.D.157.169 
5.D.166.229 
5.D.166.239 
5.D.166.175 
5.D.169.231 
5.D.169.157 
5.0.169.244^ 
5.D.172.237, 

5.D.172.169 
5.D.175.229 
5.0.175.239 
5.0.175.175 
5.0.24Q.231 
5.D.240.157; 
5.D.240.244 
5.D.244.237, 
5.0.244.169 



45 



Prcxlrugs of 5.E 

5.E.228.228; 5.E.228.229; 5.E.228.230; 5.E.228.231; 5.E.228.236; 5.E.228.237; 
5.E.228.238; 5.E.228.239; 5.E.228.154; 5.E.228.157; 5JE228.166; 5.E.228.169; 5.E.228.172; 
5.E.228.175; 5.E.228.240; 5.E.228.244; 5.E.229.228; 5.E.229.229; 5.E.229.230; 5.E.229.231; 
5.E.229236; 5JE.229.237; 5^.229.238; 5.E.229.239; 5 JE229.154; 5JE.229.157; 5JE.229.166; 
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5.E.229.169; 5JE.229.172; 5.E.229.175; 5^229.240; 5.BJ229.2U} 5.E.230228; 5.E.230.229; 

5.E.230.230; 5.E.230.231; 5^.230^; 5JE.230.237; 5.Ei230.238; 5.E^239; 5.E:230.154; 

5.E230.157; 5.E.230.166; 5.E^0.169; 5^.230.172; 5.E.230.175; 5.E.230.240; 5JE.230.244; 

5.E.231.228; 5.E.231.229; 5.E.231.230; 5JB.231.231; 5.E.231236; 5.E.231.237; 5JE.231.238; 
5 5.E231.239; 5.E.231.154; 5.E.231.157; 5.E.231.166; 5.E.231.169; 5.E.231.172; 5JE.231.175; 

5.E.231.240; 5.E.231.244; 5.E236.228; 5.E.236.229; 5^.236230; 5£236231; 5.E.236.236; 

5.E.236.237; 5.E.236.238; 5.E.236.239; 5.E.236.154; 5.E236.157; 5JE.236.166; 5.E.236.169; 

5.E.236.172; 5.E.236.175; 5.E236240; 5.E.236.244; 5.E237228; 5.E237.229; 5.E.237.230; 

5.E.237.231; 5.E.237.236; 5.E.237.237; 5.E.237.238; 5.E.237.239; 5.E.237.154; 5.E.237.157; 
10 5.E.237.166; 5.E.237.169; 5.EJ237.172; 5.E.237.175; 5.E.237240; 5.E237.244; 5JE.238.228; 

5.E.238.229; 5.E.238.230; 5.E.238.231; 5.E.238.236; 5.E.238.237; 5.E.238.238; 5.E.238.239; 

5.E.238.154; 5.E238.157; 5.E.238.166; 5.E.238.169; 5.EJ238.172; 5JE.238.175; 5.E.238240; 

5.E.238.244; 5.E.239.228; 5.E.239.229; 5.E.239.230; 5.E.239.231; 5.E.239.236; 5.E.239.237; 

5.E.239.238; 5.E.239239; 5JS.239.154; 5.E.239.157; 5.E.239.166; 5JE.239.169; 5.E.239.172; 
15 5.E.239.175; 5.E.239.240; 5.E.239.244; 5.E.154.228; 5.E.154.229; 5JE.154.230; 5.E.154.231; 

5.E.154.236; 5.E.154.237; 5.E.154238; 5JB.154.239; 5JE.154.154; 5.E.154.157; 5.E.154.166; 

5.E.154.169; 5.E.154.172; 5.E.154.175; 5.E.154240; 5.E.154.244; 5JE.157.228; 5JE.157.229; 

5.E.157.230; 5.E.157231; 5JE.157.236; 5.E.157.237; 5.E.157.238; 5.E.157.239; 5.E.157.154; 

5.E.157.157; 5.E.157.166; 5.E.157.169; 5.E.157.172; 5.E.157.175; 5.E.157.240; 5.E.157.244; 
20 5.E.166.228; 5.E.166229; 5.E.166.23G; 5.E.166.231; 5JB.166236; 5.E.166.237; 5.E.166.238; 

5.E.166.239; 5.E.166.154; 5.E.166.157; 5.E.166.166; 5.E.166.169; 5.E.166.172; 5.E.166.175; 

5.E.166.240; 5.E.166.244; 5JE.169.228; 5.E.169.229; 5.E.169.230; 5.E.169.231; 5.E.169.236; 

5.E.169.237; 5.E.169238; 5.E.169.239; 5.E.169.154; 5.E.169.157; 5.E.169.166; 5.E.169.169; 

5.E.169.172; 5.E.169.175; 5.E.169.240; 5.E.169.244; 5.E.172.228; 5.E.172.229; 5.E.172.230i 
25 5.E.172.231; 5.E.172.236; 5.E.172.237; 5.E.172238; 5JB.172.239; 5.E.172.154; 5.E.172.157i 

5.E.172.166; 5.E.172.169; 5.E.172.172; 5.E.172.175; 5.E.172.240; 5.E.172.244; 5.E.175.228i 

5.E.175.229; 5.E.175230; 5.E.175.231; 5.E.175.236; 5.E.175.237; 5JE.175.238; 5.E.175.239i 

5.E.175.154; 5.E.175.157; 5.E.175.166; 5.E.175.169; 5.E.175.172; 5.E.175.175; 5.E.175.240, 

5.E.175.244; 5.E.240228; 5.E.240.229; 5.E.24D.230; 5.E.240.231; 5.E.240.236; 5.E.240.237 
30 5.E.240.238; 5.E.240.239; 5.E.240;154; 5.E.240.157; 5.E.240.166; 5.E.240.169; 5.E.240.172, 

5.E.240.175; 5.E.240240; 5.E240.244; 5.E.244.228; 5.E.244.229; 5.E.244.23Q; 5£.244.231, 

5.E.244.236; 5.E.244.237; 5.E.244.238; 5.E.244239; 5:E.244.154; 5.E.244.157; 5.E.244.166, 

5.E.244.169; 5.E.244.172; 5.E.244.175; 5.E.244240; 5JE.244.244; 

35 Prodrugs of 5.G 

5.G.228.228; 5.G.228.229; 5.G.228.230; 5.G.228.231; 5.G.228.236; 5.G.228.237; 

5.G.228.238; 5.G228.239; 5.G.228.154? 5.G.228.157; 5.G.228.166; 5.G.228.169; 

5.G.228.172; 5.G.228.175; 5.G.228240; 5.G228.244; 5.G.229.228; 5.G.229.229; 

5.G.229230; 5.G229.231; 5.G.229.236; 5.G.229.237; 5.G.229.238; 5.G.229.239; 
40 5.G.229.154; 5.G.229.157; 5.G.229.166; 5.G.229.169; 5.G.229.172; 5.G.229.175; 

5.G.229.240; 5.G.229.244; 5.G.230.228; 5.G.230.229; 5.G.230.230; 5.G.230.231; 

5.G.230.236; 5.G230.237; 5.GJ230238; 5.G.230.239; 5.G.230.154; 5.G.230.157; 

5.G.230.166; 5.G.230.169; 5.G.230.172; 5.G.230.175; 5.G.230.240; 5.G.230.244; 

5.G.231.228; 5.G.231.229; 5.G.231.230; 5.G231.231; 5.G.231.236; 5.G.231.237; 
45 5.G.231.238; 5.G.231.239; 5.G.231.154; 5.G.231.157; 5.G.231.166; 5.G.231.169; 

5.G.231.172; 5.G.231.175; 5.G.231.240; 5.G231.244; 5.G.236.228; 5.G.236J229; 
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10 



15 



20 



25 



30 



35 



40 



5.G.236^; 
5.G.236.154 
5.G.236.240 
5.GJ237J236 
5.G.237.166. 
5.GJ238228, 
5.G.238.238, 

5.G.238.172 
5.G.239J230, 
5.G.239.154 

5.G.239^4o! 
5.G.154.236 
5.G.154.166, 

5.G.157^8 
5.G.157.238 
5.G.157.172 
5.G.166.230 
5.G.166.154 
5.G.166^40 
5.G.169.236 
5.G.169.166 
5.G.172.228 
5.G.172.238 
5.G.172.172 
5.G.175.230 
5.G.175.154. 
5.G.175^40, 
5.G.240.236, 
5.G.240.166, 
5.G.244.228. 
5.G.244.238; 
5.G.244.172; 



5.G^.231; 
5.G.236.157; 
5.G.236.244; 
5.G237.237; 
5.G.237.169; 
5.G:238.229; 
5.G.238.239; 
5.G.238.175; 
5.G.239.231; 
5.G.239.157; 
5.G.239.244; 
5.G.154.237; 
5.G. 154.169; 
5.G.157.229; 
5.G. 157.239; 
5.G.157.175; 
5.G.166.231; 
5.G.166.157; 
5.G.166J244; 
5.G. 169.237; 
5.G.169.169; 
5.G.172.229; 
5.G.172.239; 
5.G.172.175; 
5.G.175.231; 
5.G.175.157; 
5.G.175.244; 
5.G.240.237; 
5.G.240.169; 
5.G.244.229; 
5.G.244.239; 
5.G.244.175; 



5.G.236.236; 
5.G.236.166; 
5.G.237J228; 
5.G.237.238; 
5.G.237.172; 
5.G.238.230; 
5.G.238.154; 
5.G.238.240; 
5.G.239.236; 
5.G.239.166; 
5.G.154.228; 
5.G.154.238; 
5.G.154.172; 
5.G.157.230; 
5.G.157.154; 
5.G.157.240; 
5.G. 166.236; 
5.G.166.166; 
5.G.169.228; 
5.G.169.238; 
5.G.169.172; 
5.G.172.230; 
5.G.172.154; 
5.G.15^.240; 
5.G.175.236; 
5.G.175.166; 
5.G.240.228; 
5.G.240.238; 
5.G.240.172; 
5.G.244.230; 
5.G.244.154; 
5.G.244.240; 



5.G.236.237 
5.G.236.169 
5.G.237.229 
5.G.237.239 
5.G.237.175 
5.G.238.231 
5.G.238.157, 
5.G.238.244 

5.G.239J237 
5.G.239.169 
5.G.154.229 
5.G.154.239 
5.G.154.175 
5.G.157.231 
5.G.157.157 
5.G.157.244 
5.G.166.237 
5.G.166.169 

5.G.169.229 
5.G.169.239 
5.G.169.175 
5.G.172.231 
5.G.172.157 
5.G.172.244 
5.G.175.237 
5.G.175.169 
5.G.240.229 
5.G.240.239 
5.G.240.175 
5.G244J231 
5.G.244.157, 
5.G.244.244 



5.G.236.238 
5.G.236.172 
5.G.237.230, 
5.G.237.154 
5.G.237.240 
5.G.238.236 
5.G.238.166 
5.G.239.228 

5.G.239.238 
5.G.239.172 
5.G.154.230 
5.G.154.154, 
5.G.154.240. 
5.G.157.236 
5.G.157.166 
5.G.166.228 
5.G.166.238 
5.G.166.172, 
5.G.169.230 
5.G.169.154 
5.G.169.240 
5.G.172.236 
5.G.172.166 
5.G.175.228 
5.G.175.238 
5.G.175.172 
5.G.240.230 
5.G.240.154 
5.GJ240.240 
5.G.244.236 
5.G.244.166; 



; 5.G.236.239 
; 5.G.236.175 

; 5.G.237.231 
; 5.G.237.157 
; 5.G.237.244 
; 5.GJ238.237 
; 5.G.238.169 
; 5.G.239.229, 
; 5.G.239.239 
; 5.G.239.175 
; 5.G.154.231 
; 5.G. 154.157; 
; 5.G.154.244 
; 5.G.157.237; 
; 5.G.157.169 
; 5.G.166.229 
; 5.G.166.239 
; 5.G.166.175 
; 5.G.169.231 
; 5.G.169.157; 
; 5.G.169.244 

; 5.G.172.237 
; 5.G.172.169 
; 5.G.175.229 
; 5.G.175.239 
; 5.G.175.175 
; 5.G.240.231 
; 5.G.240.157 
; 5.G.240.244 
; 5.G.244.237 
: 5.G^44.169 



45 



Prodrugs of 5 J 

5.1.228.228; 5.1.228.229; 5.1.228.230; 5.1.228.231; 5.1.228.236; 5.1.228.237; 5.1.228.238; 
5.1.228.239; 5.1.228.154; 5.1.228.157; 5J.228.166; 5.L228.169; 5.L228.172; 5.L228.175; 
5.1228.240; 5.L228.244; 5.1.229.228; 5.1.229.229; 5.L229.230; 5.1.229.231; 5.1.229.236; 
5.1.229.237; 5.1.229.238; 5.1.229.239; 5.1.229.154; 5.1.229.157; 5.1.229.166; 5.1.229.169; 
51229.172; 5.L229.175; 5.1.229240; 5J.229.244; 5.L230.228; 5.1230.229; 5.L230230; 
5.1.230.231; 5X230.236; 5.L230.237; 5.L230.238; 5.1.230.239; 5.1.230.154; 5.1.230.157; 
5J.230.166; 5.1.230.169; 5.1.230.172; 5.1.230.175; 5.1.230.240; 5.L230244; 5.L231.228; 
5.L231229; 5.L231.230; 5.1.231231; 5J.231.236; 5.L231.237; 5.1231238; 5.1231239; 
5.1.231.154; 5.1.231.157; 5.1.231.166; 5.1.231.169; 5.L231.172; 5.1.231.175; 5.1.231240; 
5 J231.244; 5.L236228; 5J236.229; 5J.236230; 5.1236.231; 5 J236236; 5.1236.237; 
5.1236.238; 5J236.239; 5J236.154; 5.1.236.157; 5.1.236.166; 5X236.169; 5J.236.172j 
5 J236.175; 5X236.240; 5J236244; 5J237.228; 5X237229; 5.1237230; 5.1237231; 
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5.1.237^; 5 J.237.237; 5.1^7.238; 5.1.237.239; 5.L237.154; 5J.237.157; 5.L237.166; 

5.1.237.169; 5.1.237.172; 5.1.237.175; 5.1.237.240; 5.L237.244; 5.L238.228; 5.1.238.229; 

5.1.238.230; 5.L238.231; 5.1.238.236; 5.L238.237; 5.L238.238; 5.L238.239; 5.L238.154; 

5.1.238.157; 5.1.238.166; 5.1.238.169; 5.1.238.172; 5.L238.175; 5.L238.240; 5.1238.244; 
5 5.1.239.228; 5.1.239.229; 5.1.239.230; 5.1.239.231; 5.L239.236; 5.1.239.237; 5.1.239.238; 

5.1.239.239; 5.1.239.154; 5J.239.157; 5.1.239.166; 5JJ239.169; 5.1.239.172; 5J239.175; 

5J.239.240; 5J.239.244; 5.1.154.228; 5J.154.229; 5J.154.230; 5.1.154.231; 5J.154.236; 

5.1.154.237; 5.L154.238; 5.L154.239; 5.L154.154; 5.1.154.157; 5J.154.166; 5J.154.169; 

5 J.154.172; 5 J.154.175; 5.1.154.240; 5 J.154.244; 5.L157.228; 5X157.229; 5J.157.230; 
10 5 J.157.231; 5.1.157.236; 5.L157.237; 5.1.157.238; 5.1.157.239; 5.1.157.154; 5.1.157.157; 

5.1.157.166; 5.1.157.169; 5.1.157.172; 5.1.157.175; 5.I.157J240; 5J.157.244; 5.L166.228; 

5.1.166.229; 5.1.166.230; 5.L166.231; 5J.166.236; 5.1.166.237; 5.1.166.238; 5.L166.239; 

5.1.166.154; 5.L166.157; 5J.166.166; 5J.166.169; 5.1.166.172; 5 J.166.175; 5.1.166.240; 

5.L166.244; 5.L169.228; 5.L169.229; 5.1.169.230; 5.1.169.231; 5.1.169.236; 5.1.169.237; 
15 5J.169.238; 5.1.169.239; 5.L169.154; 5J.169.157; 5.1.169.166; 5.1.169.169; 5J.169.172; 

5.1.169.175; 5.L169.240; 5.1.169.244; 5.L172.228; 5J.172.229; 5.L172.230; 5.L172.231; 

5.1.172.236; 5.L172.237; 5.1.172.238; 5 J.172.239; 5 J.172.154; 5.L172.157; 5.1.172.166; 

5.I.17Z169; 5.1.172.172; 5.1.172.175; 5.1.172.240; 5.1.172.244; 5.1.175.228; 5.1.175.229; 

5.1.175.230; 5.L175.231; 5.1.175.236; 5 J.175.237; 5X175.238; 5.1.175.239; 5.L175.154; 
20 5J.175.157; 5.L175.166; 5J.175.169; 5J.175.172; 5.L175.175; 5.1.175.240; 5.1.175.244; 

5.1.240.228; 5J.240.229; 5J.240.230; 5.1.240.231; 5.1.240.236; 5X240.237; 5J.240.238; 

5J.240.239; 5.L240.154; 5J.240.157; 5.1.240.166; 5.1.240.169; 5.L240.172; 5.1.240.175; 

5J.240.240; 5.1.240.244; 5.1.244.228; 5J.244.229; 5.1.244.230; 5J.244.231; 5.1.244.236; 

5.1.244.237; 5X244.238; 5.1.244.239; 5.L244.154; 5.L244.157; 5.1.244.166; 5.1.244.169; 
25 5 J.244.172; 5.1.244.175; 5J.244.240; 5J.244.244; 

Prodrugs of 5.T 

5.J.228.228; 5.J.228.229; 5.J.228.230; 5.J.228.231; 5.J.228.236; 5.J.228.237; 5.J.228.238; 

5.J.228.239; 5.J.228.154; 5.J.228.157; 5.J.228.166; 5.J.228.169; 5.J.228.172; 5.J.228.175; 
30 5.J.228.240; 5.J.228.244; 5.J.229.228; 5.J.229.229; 5.J.229.230; 5.J.229.231; 5.J.229.236; 

5.J.229.237; 5.J.229.238; 5.J.229.239; 5.J.229.154; 5.J.229.157; 5.J.229.166; 5.J.229.169; 

5.J.229.172; 5.J.229.175; 5.J.229.240; 5.J.229.244; 5.J.230.228; 5.J.230.229; 5.J.230.230; 

5.J.230.231; 5.J.230.236; 5.J.230.237; 5.J.230.238; 5.J.230.239; 5.J.230.154; 5.J.230.157; 

5.J.230.166; 5.J.230.169; 5.J.230.172; 5.J.230.175; 5.J.230.240; 5.J.230.244; 5.JJ231.228; 
35 5.J.231.229; 5.J.231.230; 5.J.231.231; 5.J.231.236; 5.J.231.237; 5.J.231.238; 5.J.231.239; 

5.J.231.154; 5.J.231.157; 5.J.231.166; 5.J.231.169; 5.J.231.172; 5.J.231.175; 5.J.231.240; 

5.J.231.244; 5.J.236.228; 5.J.236.229; 5.J.236.230; 5.J.236.231; 5.J.236.236; 5.J.236.237; 

5.J.236.238; 5.J.236J239; 5.J.236.154; 5.J.236.157; 5.J.236.166; 5.J.236.169; 5.J.236.172; 

5.J.236.175; 5.J.236.240; 5.J.236.244; 5.J.237.228; 5.J.237.229; 5.J.237.230; 5.J237.231; 
40 5.J.237.236; 5.J.237.237; 5.J.237.238; 5.J.237.239; 5.J.237.154; 5.J.237.157; 5.J.237.166; 

5.J.237.169; 5.J.237.172; 5.J.237.175; 5.J.237.240; 5.J.237244; 5.J.238.228; 5.J.238.229; 

5.J.238.230; 5.J.238.231; 5.J.238.236; 5.J.238.237; 5.J.238.238; 5.J.238.239; 5.J.238.154; 

5.J.238.157; 5.J.238.166; 5.J.238.169; 5.J.238.172; 5.J238.175; 5.J.238J240; 5.J.238.244; 

5.J.239.228; 5.J.239.229; 5-J.239.230; 5.J.239.231; 5.J.239.236; 5.J.239.237; 5.J.239.238; 
45 5.J.239.239; 5.J.239.154; 5.J239.157; 5.J.239.166; 5.J.239.169; 5.J.239.172; 5.J.239.175; 

5.J.239.240; 5.J.239.244; 5.J.154.228; 5.J.154.229; 5.J.154.230; 5.J.154.231; 5.J.154.236; 
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5.J.154237; 5.J.154238; 5.J.154239; 5.J.154154; 5.J.154.157; 5.J.154.166; 5.J.154.169; 

5.J.154.172; 5.J.154.175; 5J.154^40; 5.J.154244; 5.115722S; 5.J.157.229; 5.J.157^0; 

5J.157231; 5.J.157236; 5.J.157^7; 5J.157^; 5.J.157.239; 5.J.157.154; 5J.157.157; 

5.J.157.166; 5.J.157.169; 5.J.157.172; 5.J.157.175; 5.J.157.240; 5J.157.244; 5.J.166.228; 
5 5J.166.229; 5 J.166.230; 5 J.166.231; 5 J.166.236; 5.J.166.237; 5 J.166.238; 5.J.166.239; 

5 J.166.154; 5 J.166.157; 5J.166.166; 5J.166.169; 5.J.166.172; 5.J.166.175; 5J.166.240; 

5J.166.244; 5J.169.228; 5 J.169.229; 5 J.169.230; 5.J.169.231; 5J.169.236; 5J.169.237; 

5.J.169.238; 5 J.169.239; 5J.169.154; 5.J.169.157; 5.J.169.166; 5.J.169.169; 5.J.169.172; 

5.J.169.175; 5 J.169.240; 5.J.169.244; 5.J.172.228; 5.J.172.229; 5.J.172.230; 5.J.172.231; 
10 5.J.172.236; 5 J.172237; 5.J.172.238; 5J.172.239; 5.J.172.154; 5.J.172.157; 5.J.172.166; 

5J.172.169; 5J.172.172; 5 J.172.175; 5J.172.240; 5J.172.244; 5.J.175.228; 5.J.175.229; 

5J.175J230; 5 J.175.231; 5.J.175.236; 5J.175.237; 5.J.175.238; 5.J.175.239; 5.J.175.154; 

5.J.175.157; 5 J.175.166; 5 J.175.169; 5J.175.172; 5.J.175.175; 5J.175.240; 5.J.175.244; 

5 J.240.228; 5 J.240.229; 5.J.240.230; 5J240.231; 5.J.240.236; 5.J240.237; 5.J.240.238; 
15 5J.240.239; 5 J.240.154; 5 J.240.157; 5J.240.166; 5J.240.169; 5J.240.172; 5.J.240.175; 

5.J.240.240; 5 J.240.244; 5.J.244.228; 5 J.244.229; 5.J.244.230; 5.J244.231; 5.J.244236; 

5 J.244.237; 5 J.244.238; 5.J.244.239; 5J.244.154; 5 J.244.157; 5.J.244.166; 5J.244.169; 

5J.244.172; 5J.244.175; 5J.244.240; 5J.244.244; 

20 Prodrugs of 5.L 

5.L.228.228; 5.L.228.229; 5.L.228.230; 5.L.228.231; 5.L.228.236; 5.L.228.237; 

5.L.228.238; 5.L.228.239; 5.L.228.154; 5.L.228.157; 5.L.228.166; 5.L.228.169; 5.L.228.172; 

5.L.228.175; 5.L.228.240; 5.L.228.244; 5.L.229.228; 5.L.229.229; 5.L.229.230; 5.L.229.231; 

5.L.229.236; 5.L.229.237; 5.L.229.238; 5.L229.239; 5.L.229.154; 5.L.229.157; 5.L.229.166; 
25 5.L.229.169; 5.L.229.172; 5.L.229.175; 5.L.229.240; 5.L.229.244; 5.L.230.228; 5.L.230.229; 

5.L.230.230; 5.L.230.231; 5.L.230.236; 5.L.230.237; 5.L.230.238; 5.L.230.239; 5.L.230.154; 

5.L230.157; 5.L.230.166; 5.L.230.169; 5.L.230.172; 5.L.230.175; 5.L.230240; 5.L.230.244; 

5.L.231.228; 5.L.231.229; 5.L.231.230; 5.L.231.231; 5.L.231.236; 5.L.231.237; 5.L.231.238; 

5.L.231.239; 5.L.231.154; 5.L.231.157; 5.L.231.166; 5.L.231.169; 5.L.231.172; 5.L.231.175; 
30 5.L.231.240; 5.L.231.244; 5.L.236.228; 5.L.236.229; 5.L.236.230; 5.L.236.231; 5.L.236.236; 

5.L.236237; 5.L.236.238; 5.L.236.239; 5.L.236.154; 5.L.236.157; 5.L.236.166; 5.L.236.169; 

5.L236.172; 5.L.236.175; 5.L.236.240; 5.L.236.244; 5.L.237.228; 5.L.237.229; 5.L.237.230; 

5X.237.231; 5.L.237.236; 5.L237J237; 5.LJ237.238; 5.L.237.239; 5.L.237.154; 5X237.157; 

5.L.237.166; 5.L.237.169; 5.L.237.172; 5.L.237.175; 5.L.237.240; 5.L.237.244; 5.L.238.228; 
35 5.L.238.229; 5.L.238.230; 5.L.238.231; 5.L.238.236; 5.L.238.237; 5.L.238238; 5.L.238239; 

5.L.238.154; 5.L238.157; 5.L.238.166; 5.L.238.169; 5.L.238.172; 5.L.238.175; 5.L.238.240; 

5.L238.244; 5.L.239.228; 5.L.239.229; 5.L239.230; 5.L.239.231; 5.L.239236; 5.L.239.237, 

5.L.239.238; 5.L.239.239; 5.L.239.154; 5.L.239.157; 5.L239.166; 5.L.239.169; 5.L.239.172; 

5.L239.175; 5.L.239.240; 5.L.239.244; 5.L.154228; 5.L.154229; 5.L.154230; 5.L.154.231i 
40 5.L.154.236; 5.L.154.237; 5.L.154.238; 5.L.154.239; 5.L.154.154; 5.L.154157; 5.L.154166, 

5.L.154.169; 5.L.154.172; 5.L.154.175; 5.L.154.240; 5.L.154.244; 5.L.157.228; 5.L.157.229 

5.L.157.230; 5.L.157.231; 5.L.157.236; 5.L.157.237; 5.L.157.238; 5.L.157.239; 5.L.157.154, 

5.L.157.157; 5.L.157.166; 5.L.157.169; 5.L.157.172; 5.L.157.175; 5.L.157.240; 5.L.157.244, 

5.L.166.228; 5.L.166.229; 5.L.166.230; 5.L.166.231; 5.L.166.236; 5.L.166.237; 5.L.166.238, 
45 5.L.166.239; 5.L.166.154; 5.L.166.157; 5.L.166.166; 5.L.166.169; 5.L.166.172; 5.L.166.175 

5.L.166.240; 5.L.166.244; 5.L.169.228; 5.L.169.229; 5.L.169.230; 5.L.169.231; 5.L.169.236 
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5.L.169^7; 5.L.169.238; 5.L.169.239; 5.L.169.154; 5.L.169.157; 5.L.169.166; 5.L.169.169; 
5.L.169.172; 5.L.169.175; 5.L.169.240; 5.L.169.244; 5X172,228; 5.L.172229; 5.L.172.230i 
5.L.17Z231; 5.L.172,236; 5.L.172.237; 5.L.172.238; 5.L.172.239; 5.L.172.154; 5.L.172.157i 
5.L.172.166; 5.L.172.169; 5.L.172.172; 5.L.172.175; 5.L.172.240; 5.L.172,244; 5.L.175228; 

5 5.L.175.229; 5.L.175.230; 5.L.175.231; 5.L.175.236; 5.L.175.237; 5.L.175.238; 5.L.175.239i 
5.L.175.154; 5.L.175.157; 5.L.175.166; 5.L.175.169; 5.L.175.172; 5.L.175.175; 5.L.175.240, 
5.L.175.244; 5.L.240.228; 5.L.240.229; 5.L.240.230; 5.L.240.231; 5.L.240.236; 5.L240.237, 
5.L240238; 5.L240.239; 5X^240.154; 5X.240.157; 5.L.240.166; 5.L.240.169; 5.L.240.172 
5X.240.175; 5.L.240.240; 5.L240.244; 5.L.244.228; 5.L.244.229; 5.L244.230; 5.L.244.231, 

10 5.L.244.236; 5.L.244.237; 5.X.244238; 5.L.244239; 5.L.244.154; 5.L.244.157; 5.L.244.166. 
5.L.244.169; 5.L.244.172; 5X.244.175; 5.L.244.240; 5.L.244.244; 

Prodrugs of 5.0 

5.0228.228; 5.0.228.229; 5.O.228.230; 5.0.228.231; 5.0.228.236; 5.0.228.237; 
15 5.0.228.238; 5.0.228.239; 5.0.228.154; 5.0.228.157; 5.0.228.166; 5.0.228.169; 

5.0J228.172; 5.0.228.175; 5.O.228.240; 5.0.228.244; 5.0.229.228; 5.0.229.229; 

5.O.229.230; 5.0.229.231; 5.0.229.236; 5.0.229.237; 5.0.229.238; 5.0.229.239; 

5.0.229.154; 5.0.229.157; 5.0229.166; 5.0.229.169; 5.0.229.172; 5.0.229.175; 

5.O.229.240; 5.0.229.244; 5.O.230228; 5.O230.229; 5.O.230.230; 5.O.230.231; 
20 5.O230.236; 5.O.230.237; 5.O.230.238; 5.O230.239; 5.O.230.154; 5.O.230.157; 

5.O.230.166; 5.O.230.169; 5.O.230.172; 5.O.230.175; 5.O.230.240; 5.O.230.244; 

5.0.231.228; 5.0.231.229; 5.O231.230; 5.0.231.231; 5.0.231.236; 5.0.231.237; 

5.0.231.238; 5.0.231.239; 5.0.231.154; 5.0.231.157; 5.0.231,166; 5.0.231.169; 

5.0.231.172; 5.0.231.175; 5.O231.240; 5.0.231.244; 5.0.236.228; 5.0.236.229; 
25 5.O.236.230; 5.0.236.231; 5.0.236.236; 5.0.236.237; 5.0.236.238; 5.0.236.239; 

5.0.236.154; 5.0.236.157; 5.0.236.166; 5.0.236.169; 5.0.236.172; 5.0.236.175; 

5.O.236.240; 5.0.236.244; 5.0237.228; 5.0.237.229; 5.0.237,230; 5,0.237:231; 

5.0.237.236; 5.0.237,237; 5.0.237.238; 5.0.237.239; 5.0.237.154; 5.0.237.157; 

5.0,237,166; 5,0,237,169; 5,0237.172; 5.0,237.175; 5,0.237.240; 5,0.237.244; 
30 5.0.238.228; 5.0.238.229; 5.O.238.230; 5.0.238.231; 5.0.238.236; 5.0.238.237; 

5.0.238.238; 5.0,238.239; 5.0,238,154; 5,0,238.157; 5,0,238,166; 5.0,238,169; 

5.0.238.172; 5.0.238.175; 5.O.238.240; 5.0.238.244; 5.0.239.228; 5.0.239.229; 

5.0,239,230; 5,0,239231; 5.0239,236; 5.0,239237; 5,0,239238; 5,0239.239; 

5,0.239.154; 5.0.239.157; 5.0.239.166; 5.0239.169; 5.0.239.172; 5.0239.175; 
35 5.O239.240; 5.0.239244; 5.0,154,228; 5.0.154229; 5.O.154230; 5.0,154,231; 

5.0.154.236; 5.0.154.237; 5.0.154.238; 5.0.154.239; 5.0.154.154; 5.0.154.157; 

5.0.154.166; 5.0.154,169; 5.0.154.172; 5.0.154,175; 5,0.154.240; 5.0.154.244; 

5.0.157.228; 5.0.157.229; 5.O.157.230; 5.0.157.231; 5.0.157.236; 5.0.157.237; 

5,0.157,238; 5,0,157239; 5,0.157.154; 5,0,157.157; 5.0,157,166; 5.0.157.169; 
40 5.0.157,172; 5,0.157.175; 5.O.157.240; 5.0.157.244; 5.0.166.228; 5.0,166,229; 

5,0,166,230; 5,0,166231; 5.0.166236; 5.0,166.237; 5.0.166.238; 5.0.166.239; 

5.0.166.154; 5.0.166.157; 5.0.166.166; 5.0.166.169; 5.0.166.172; 5.0,166,175; 

5,0.166.240; 5,0,166244; 5,0.169.228; 5.0.169.229; 5.O.169.230; 5.0.169.231; 

5.0,169236; 5.0.169237; 5.0.169,238; 5,0,169,239; 5,0,169,154; 5,0,169,157; 
45 5.0.169,166; 5,0.169,169; 5,0.169.172; 5.0.169.175; 5.O.169.240; 5.0.169.244; 

5.0.172.228; 5.0.172229; 5,0.172.230; 5,0,172231; 5.0.172,236; 5,0,172237; 
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5.0.172.238; 5.0.172.239; 5.0.17Z154; 5.0.17Z157; 5.0.172.166; 5.0.172.169; 
5.0.172.172; 5.0.172.175; 5.O.172.240; 5.0.172.244; 5.0.175^; 5.0.175229; 
5.O.175.230; 5.0.175.231; 5.0.175,236; 5.0.175237; 5.0.175.238; 5.0.175.239; 
5.0.175.154; 5.0.175.157; 5.0.175.166; 5.0.175.169; 5.0.175.172; 5.0.175.175; 
5 5.O.175.240; 5.0.175.244; 5.O.240.228; 5.0.240,229; 5.O.240.230; 5.O.240.231; 
5.O.240.236; 5.0.240^7; 5.0,240.238; 5,0.240239; 5,0,240.154; 5,0.240,157; 
5,0.240.166; 5.O240.169; 5.O.240.172; 5.O240.175; 5.0,240.240; 5.O240.244; 
5.0.244.228; 5.0.244,229; 5,0,244,230; 5.0.244231; 5.0.244,236; 5,0,244,237; 
5.0.244.238; 5.0.244.239; 5.0.244.154; 5.0.244.157; 5.0,244,166; 5.0.244.169; 
10 5.0,244,172; 5.0.244.175; 5,0,244,240; 5,0.244.244; 

Prodrugs of 5.P 

5.P.228.228; 5.P.228229; 5.P.228.230; 5.P.228.231; 5.P.228.236; 5P.228.237; 

5 J»,228.238; 5P,228.239; 5 J'.228.154; 5.P.228.157; 5.P,228,166; 5.P.228.169; 5.P.228.172; 
15 5JP.228.175; 5.P.228.240; 5.P.228.244; 5.P.229.228; 5.P.229.229; 5.P.229.230; 5.P.229.231; 

5J>.229236; 5.P.229.237; 5.P.229.238; 5.P.229.239; 5,P,229,154; 5,P,229,157; 5J».229,166; 

5.P.229.169; 5P,229.172; 5,P.229.175; 5.P.229,240; 5.P,229,244; 5.P,230.228; 5,P.230.229; 

5,P,230.230; 5.P.230.231; 5JP.230.236; 5.P.230.237; 5.P.230.238; 5.P.230.239; 5.P.230.154; 

5P.230.157; 5.P.230.166; 5.P.230.169; 5.P.230.172; 5.P.230.175; 5P,230.240; 5,P,230,244; 
20 5.P.231.228; 5.P,231229; 5.P231.230; 5.P.231.231; 5.P.231.236; 5.P.231.237; 5.P.231.238; 

5.P.231.239; 5.P.231,154; 5P231,157; 5,P,231,166; 5,P,231,169; 5.P.231.172; 5,P.231.175; 

5.P.231.240; 5.P.231244; 5.P.236.228; 5.P.236.229; 5.P.236.230; 5P.236.231; 5.P.236.236; 

5.P.236.237; 5.P.236.238; 5P.236,239; 5.P.236,154; 5,P,236.157; 5,P.236.166; 5P.236,169; 

5.P.236.172; 5.P.236.175; 5.P.236.240; 5.P.236.244; 5.P.237.228; 5.P.237.229; 5.P.237.230; 
25 5.P.237.231; 5.P.237.236; 5P.237,237; 5,P237.238; 5,P,237239; 5P.237.154; 5.P.237.157; 

5.P.237.166; 5.P.237.169; 5.P.237.172; 5.P.237.175; 5.P.237.240; 5.P.237.244; 5.P.238.228; 

5.P.238.229; 5P,238.230; 5P,238,231; 5.P,238,236; 5.P.238,237; 5P.238.238; 5,P,238239; 

5.P.238.154; 5P.238.157; 5.P.238.166; 5.P.238.169; 5.P.238.172; 5.P.238.175; 5.P.238.240; 

5.P.238.244; 5P.239.228; 5P.239.229; 5P239.230; 5.P.239.231; 5.P.239.236; 5P.239.237; 
30 5.P.239.238; 5.P.239.239; 5.P.239.154; 5.P.239.157; 5.P.239.166; 5P.239.169; 5.P.239.172; 

5P.239.175; 5P.239.240; 5.P.239.244; 5P.154.228; 5.P.154.229; 5.P.154.230; 5P.154.231; 

5P.154.236; 5.P.154.237; 5.P.154.238; 5.P.154.239; 5.P.154.154; 5.P.154.157; 5.P.154.166; 

5P.154.169; 5P.154.172; 5P.154.175; 5,P.154.240; 5.P.154.244; 5.P.157.228; 5P.157229; 

5.P.157.230; 5.P.157.231; 5.P.157,236; 5P.157,237; 5.P,157.238; 5.P.157.239; 5.P.157.154; 
35 5P.157.157; 5.P.157.166; 5.P.157.169; 5.P.157.172; 5.P.157.175; 5.P,157.240; 5.P.157.244; 

5P.166.228; 5.P.166.229; 5P.166.230; 5,P,166,231; 5.P,166,236; 5P,166.237; 5P.166J238; 

5P.166.239; 5.P.166.154; 5.P,166.157; 5.P.166.166; 5.P.166.169; 5.P.166.172; 5.P.166.175; 

5P.166,240; 5,P.166.244; 5.P.169.228; 5P.169,229; 5,P,169.230; 5.P.169.231; 5.P.169,236; 

5P.169.237; 5.P.169.238; 5.P.169.239; 5P.169.154; 5.P,169,157; 5.P.169.166; 5.P.169.169; 
40 5.P.169.172; 5.P.169.175; 5P.169.240; 5.P.169.244; 5.P.172.228; 5.P.172.229; 5P.172.230; 

5.P.172.231; 5.P.172.236; 5.P.172.237; 5.P.172.238; 5.P.172.239; 5.P.172.154; 5.P.172.157; 

5.P.172,166; 5,P.172.169; 5P.172.172; 5.P.172.175; 5.P.172.240; 5.P,172,244; 5.P,175,228; 

5.P.175.229; 5.P.175.230; 5.P.175.231; 5.P.175.236; 5.P.175.237; 5.P.175.238; 5.P.175.239; 

5P.175.154; 5.P.175.157; 5P.175.166; 5.P.175.169; 5P.175.172; 5.P.175,175; 5.P,175240; 
45 5P.175.244; 5.P.24G.228; 5P.240.229; 5.P.240.230; 5.P.240231; 5.P.240.236; 5.P.240.237; 

5P240.238; 5P,240,239; 5,P,240.154; 5P,240,157; 5,P,240,166; 5.P,240.169; 5.P,240,172; 
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5.P^40.175; 5P.240.240; 5.P.240.244; 5.P.244228; 5 J.244229; 5.P.244.230; 5.P244.231; 
5^244.236; 5.F.244.237; 5.F244.238; 5P.244239; 5J»^44.154; 5.P^44.157; 5P^44.166; 
5.P.244.169; 5.P.244.172; 5.P.244.175; 5.P.244240; 5.P.244.244; 

Prodrugs of 5.U 

5.U.228.228; 5.U.228229; 5.U.228.230; 5.U.228^1; 5.U.228.236; 5.U.228.237; 



5.U.228.238 
5.U.228.172 
5.U.229.230 

10 5.U.229.154 
5.U.229.240 
5.U230.236 
5.U.230.166 
5.U.231.228 

15 5.U.231.238 
5.U.231.172 
5.U.236.230 
5.U236.154 
5.U.236.240 

20 5.U.237.236 
5.U.237.166 
5.U238.228 
5.U.238.238 
5.U.238.172 

25 5.U.239.230 
5.U.239.154 

5.U.239.240 
5.U.154.236 
5.U.154.166 
30 5.U.157.228 
5.U.157.238 
5.U.157.172 
5.U.166.230 

5.U.166.154 
35 5.U.166.240 
5.U.169.236 
5.U.169.166 
5.U.172.228 
5.U.172.238 
40 5.U.172.172 
5.U.175.230 
5.U.175.154 
5.U.175.240 
5.U.240.236 
45 5.U240.166 
5.U244228 



5.U.228.239 
5.U228.175 
5.U.229.231 
5.U.229.157i 
5.U.229.244 

5.U.230.237 
5.U.230.169, 
5.U.231.229 
5.U.231.239 
5.U.231.175 
5.U.236.231 
5.U.236.157 
5.U.236.244, 

5.U.237^7 
5.U.237.169 
5.U.238.229 

5.U.238.239 
5.U.238.175 
5.U.239.231 
5.U.239.157 

5.U.239.244 
5.U.154.237 

5.U.154.169 

5.U.157.229 

5.U.157.239 

5.U.157.175 

5.U.166.231 

5.U.166.157; 

5.U.166.244; 

5.U.169.237 

5.U.169.169 
5.U.172.229 
5.U.172.239^ 
5.U.172.175 
5.U.175.231 

5.U.175.157 
5.U.175.244 

5.U.240J237 
5.U.240.169 
5.U244229 



5.U.228.154; 5.U.228.157 
5.U228.240; 5.U.228^44 
5.U.229.236; 5.U.229.237 
5.U.229.166; 5.U.229.169 
5.U.230.228; 5.U.230.229 
5.U.230238; 5.U.230.239 
5.U.230.172; 5,U.230.175 
5.U.231.230; 5.U.23mi 
5.U.231.154; 5.U.231.157 
5.U.231.240; 5.U.231.244 
5.U.236.236; 5.U.236.237 
5.U.236.166; 5.U.236.169 
5.U.237.228; 5.U.237.229 
5.U.237238; 5.U237.239 
5.U.237.172; 5.UJ237.175 
5.U.238.230; 5.U.238.231 
5.U.238.154; 5.U.238.157 
5.U.238.240; 5.U.238.244 

5.U.239.236; 5.U.239.237 
5.U.239.166; 5.U.239.169 
5.U.154.228; 5.U.154.229 
5.U.154.238; 5.U.154.239 
5.U.154.172; 5.U.154.175 
5.U.157.230; 5.U.157.231 
5.U.157.154; 5.U.157.157 
5.U.157.240; 5.U.157.244 
5.U.166.236; 5.U.166.237 
5.U.166.166; 5.U.166.169 
5.U.169^; 5.U.169^ 
5.U.169.238; 5.U.169.239 
5.U.169.172; 5.U.169.175, 
5.U.172:230; 5.U.172.231 
5.U.172.154; 5.U.172.157 
5.U.172.240; 5.U.172.244, 
5.U.175.236; 5.U.175.237 
5.U.175.166; 5.U.175.169 
5.U.240.228; 5.U.240.229 
5.U.240.238; 5.U240.239 
5.U.240.172; 5.U.240.175 
5.U^44^0; 5.U244.231 



5.U.228.166; 5.U.228.169 
5.U.229.228; 5.U.229229 
5.U.229.238; 5.U.229.239 
5.U^9.172; 5.U.229.175 
5.U.230.230; 5.U.230.231 
5.U^0.154; 5.U.230.157 
5.U.230.240; 5.U.230.244 
5.U^1.236; 5.U.231^7 
5.U.231.166; 5.U.231.169 
5.U.236.228; 5.U.236.229 
5.U.236.238; 5.U.236.239 
5.U.236.172; 5.U.236.175 
5.U.237.230; 5.U.237.231 
5.UJ237.154; 5.U.237.157 
5.U.237.240; 5.U.237.244 
5.UJ238.236; 5.U.238.237 
5.U.238.166; 5.U.238.169 
5.U.239.228; 5.U.239.229 

5.U.239.238; 5.U.239.239 
5.U.239.172; 5.U.239.175 
5.U.154^0; 5.U.154.231 
5.U.154.154; 5.U.154.157 
5.U.154.240; 5.U.154.244 
5.U.157.236; 5.U.157.237 
5.U.157.166; 5.U.157.169 
5.U.166.228; 5.U.166.229 
5.U.166.238; 5.U.166J239 
5.U.166.172; 5.U.166.175 
5.U.169.230; 5.U.169.231 
5.U.169.154; 5.U.169.157 
5.U.169^40; 5.U.169.244, 
5.U.172.236; 5.U.172.237 
5.U.172.166; 5.U.172.169 
5.U.175.228; 5.U.175.229 
5.U.175.238; 5.U.175.239 
5.U.175.172; 5.U.175.175 
5.U.240.230; 5.U.240.231 
5.U.240.154; 5.U.240.157 
5.U.240.240; 5.U.240.244 
5.V2U236', 5.U.244237 
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5.U244238; 5.U.244.239; 5.U.244.154; 5.U.244.157; 5.U.244.166; 5.U.244.169; 
5.U.244.172; 5.U.244.175; 5.U^44.240; 5.U.244^44; 



5 5 wl28 228- 5.W.228.229; 5.W.228.230; 5.W.228.231; 5.W.228^6; 5.W.228237; 
5 w!228 238- 5.W228m 5.W.228.154; 5.W^.157; 5.W.228.166; 5.W^8.169; 
5*W 228 172- 5.W.228.175; 5.W^8.240; 5.W.228.244; 5.W^9.228; 5.W^9^29; 
5'w*229 230'; 5.W229.231; 5.W.229236; 5.W.229237; 5.W.229.238; 5.W.229.239; 
5'w'229 154- 5.W.229.157; 5.W.229.166; 5.W229.169; 5.W.229.172; 5.W.229.175; 
10 5 W 229^40; 5.W229244; 5.W.230.228; 5.W.230.229; 5.W.230.230; 5.W.230.231; 
5 W 230 236; 5.W.230237; 5.W.230.238; 5.W.230m 5.W^30.154; 5.W.230.157; 
5 W230.166; 5.W^.169; 5.W.230.172; 5.W.230.175; 5.W.230.240; 5.W.230.244; 
5 W 231 228; 5.W.231.229; 5.W.231.230; 5.W^1.231; 5.W^1.236; 5.W.231^7; 
s'w 231 238; 5.W231.239; 5.W231.154; 5.W.231.157; 5.W.231.166; 5.W.231.169; 
15 5 W 231 172; 5.W.231.175; 5.W.231.240; 5.W.231244; 5.W.236.228; 5.W236.229; 
5'.w!236.230; 5.W^6.231; 5.W.236J236; 5.W.236.237; 5.W.236.238; 5.W.236239; 
5 W 236.154; 5.W.236.157; 5.W.236.166; 5.W.236.169; 5.W.236.172; 5.W236.175; 
5 W'^6.240; 5.W236.244; 5.W.237.228; 5.W.237.229; 5.W.237.230; 5.W.237.231; 
5'.W.237.236; 5.W.237.237; 5.W.237.238; 5.W.237.239; 5.W.237.154; 5.W237.157; 
20 5.W.237.166; 5.W^7.169; 5.W.237.172; 5.W.237.175; 5.W.237.240; 5.W.237.244; 
5 W 238 228; 5.W.238.229; 5.W.238.230; 5.W.238.231; 5.W.238.236; 5.W.238.237; 
5 W 238 238; 5.WJ238.239; 5.W.238.154; 5.W.238.157; 5.W.238.166; 5.W.238.169; 
5 W 238.172; 5.W.238.175; 5.W.238.240; 5.W.238244; 5.W.239.228; 5.W.239.229; 
5*W^9 230; 5.W.239.231; 5.W.239.236; 5.W.239.237; 5.W.239.238; 5.W239.239; 
25 5'.W.239.154; 5.W239.157; 5.W.239.166; 5.W.239.169; 5.W.239.172; 5.W.239.175; 
5 W 239 240- 5.W.239.244; 5.W. 154.228; 5.W.154.229; 5.W.154.230; 5.W.154.231; 
5 W.154.236; 5.W.154.237; 5.W.154238; 5.W.154239; 5.W.154.154; 5.W.154.157; 
5.W.154.166; 5.W.154.169; 5.W.154.172; 5.W.154.175; 5.W.154.240; 5.W.154^44; 
5 W 157.228; 5.W.157.229; 5.W.157.230; 5.W.157231; 5.W.157.236; 5.W.157.237; 
30 5 W.157.238; 5.W.157.239; 5.W.157.154; 5.W.157.157; 5.W.157.166; 5.W.157.169; 
5 W.157.172; 5.W.157.175; 5.W.157.240; 5.W.157.244; 5.W.166.228; 5.W.166.229; 
5.W.166.230; 5.W.166.231; 5.W.166.236; 5.W.166.237; 5.W.166.238; 5.W.166.239; 
5.W.166.154; 5.W.166.157; 5.W.166.166; 5.W.166.169; 5.W.166.172; 5.W.166.175; 
5.W.166.240; 5.W.166.244; 5.W.169.228; 5.W.169229; 5.W.169m 5.W.169.231; 
35 5.W.169.236; 5.W.169.237; 5.W.169.238; 5.W.i69239; 5.W.169.154; 5.W.169.157; 
5.W.169.166; 5.W.169.169; 5.W.169;172; 5.W.169.175; 5.W.169240; 5.W.169.244; 
5.W.172.228; 5.W.172.229; 5.W.172.230; 5.W.172.231; 5.W.172.236; 5.W.172.237; 
5 W 172 238; 5.W.172.239; 5.W.172.154; 5.W.172.157; 5.W.172.166; 5.W.172.169; 
5 W 172 172; 5.W.172.175; 5.W.172.240; 5.W.172.244; 5.W.175.228; 5.W.175.229; 
40 5'.w'.175.230; 5.W.175.231; 5.W.175.236; 5.W.175.237; 5.W.175J238; 5.W 175.239; 
5.W.175.154; 5.W.175.157; 5.W.175.166; 5.W.175.169; 5.W.175.172; 5.W.175,175; 
5 W 175 240; 5.W.175244; 5.W^40228; 5.W.240.229; 5.W.240m 5.W.240.231; 
5.W 240.236; 5.W.240.237; 5.W240.238; 5.W.240.239; 5.W.240.154; 5.W.240.157; 
5.W".240.166; 5.W.240.169; 5.W.240.172; 5.W.240.175; 5.W.240.240; 5.W.240.244; 
45 5 W 244.228; 5.W.244229; 5.W.244230; 5.W.244.231; 5.W.244.236; 5.W.244237; 
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5.W.244^; 5.W^44.239; 5.W.244.154; 5.W.244.157; 5.W:244.166; 5.W^44.169; 
5M.2U.172; 5M2U.175; 5.W^44^40; 5.W^44.244; 

Prodrugs of 5.Y 

5 5.Y^8.228; 5.Y.228.229; 5.Y.228.230; 5.Y.228i231; 5.Y.228.236; 5.Y.228.237; 

5.Y.228^38; 5.Y228239; 5.Y.228.154; 5.Y:i28.157; 5.Y.228.166; 5.Y.228.169; 

5.Y228.172; 5.Y228.175; 5.Y.228.240; 5.Y.228.244; 5.Y.229.228; 5.Y.229.229; 

5.Y^9.230; 5.Y.229.231; 5.Y.229.236; 5.Y^9^7; 5X229^8; 5.YJ229^9; 

5.Y229.154; 5.Y^9.157; 5.Y.229.166; 5.Y.229.169; 5.Y.229.172; 5.Y.229.175; 
10 5.Y.229.240; 5.Y229.244; 5.Y.230.228; 5.Y^^9; 5.Y230^0; 5.Y.230^1; 

5.Y.230.236; 5.Y.230.237; 5.Y.230.238; 5.Y.230239; 5.Y.230.154; 5.Y.230.157; 

5.Y^.166; 5.Y.230.169; 5.Y230.172; 5.Y^.175; 5.Y^0.240; 5.Y.230^44; 

5.Y.231.228; 5.Y.231.229; 5.Y.231.230; 5.Y.231231; 5.Y^31.236; 5.Y.231.237; 

5.Y.231.238; 5.Y.231^9; 5.Y231.154; 5.Y231.157; 5.Y.231.166; 5.Y231.169; 
15 5.Y.231.172; 5.Y.231.175; 5.Y.231.240; 5.Y.231244; 5.Y.236.228; 5.Y.236.229; 

5.Y.236.230; 5.Y^6^31; 5.Y.236.236; 5.Y236237; 5.Y.236238; 5.YJ236^9; 

5.Y.236.154; 5.Y.236.157; 5.Y.236.166; 5.Y.236.169; 5.Y.236.172; 5.Y.236.175; 

5.Y.236^40; 5.Y.236.244; 5.Y.237.228; 5.Y.237229; 5.YJ237.230; 5.Y.237231; 

5.Y.237.236; 5.Y.237.237; 5.Y.237.238; 5.Y.237.239; 5.Y.237.154; 5.Y^7.157; 
20 5.Y.237.166; 5.Y.237.169; 5.Y^7.172; 5.Y^7.175; 5.Y.237.240; 5.Y.237.244; 

5.Y.238.228; 5.Y.238.229; 5.Y.238.230; 5.Y.238.231; 5.Y.238.236; 5.Y^8^7; 

5.Y.238^8; 5.Y238^9; 5.Y238.154; 5.Y.238.157; 5.Y.238.166; 5.Y.238.169; 

5.Y.238.172; 5.Y.238.175; 5.Y.238.240; 5.Y^.244; 5.Y^9.228; 5.Y239^9; 

5.Y.239^0; 5.Y.239J231; 5.Y239^36; 5.Y 239237; 5.Y.239.238; 5.Y.239.239; 
25 5.Y.239.154; 5.Y.239.157; 5.Y239.166; 5.Y^9.169; 5.Y^9.172; 5.Y.239.175; 

5.Y.239^40; 5.Y239.244; 5.Y.154.228; 5.Y.154.229; 5.Y.154.230; 5.Y.154.231; 

5.Y.154.236; 5.Y.154.237; 5.Y.154.238; 5.Y.154.239; 5.Y.154.154; 5.Y.154.157; 

5.Y.154.166; 5.Y.154.169; 5.Y.154.172; 5.Y.154.175; 5.Y.154.240; 5.Y.154.244; 

5.Y.157^8; 5.Y.157^; 5.Y.157^0; 5.Y.157.231; 5.Y.157236; 5.Y.157.237; 
30 5.Y.157.238; 5.Y.157.239; 5.Y.157.154; 5.Y.157.157; 5.Y.157.166; 5.Y.157.169; 

5.Y.157.172; 5.Y.157.175; 5.Y.157^40; 5.Y.157.244; 5.Y.166228; 5.Y.166.229; 

5.Y.166.230; 5.Y.166.231; 5.Y.166.236; 5.Y.166237; 5.Y.166.238; 5.Y.166.239; 

5.Y.166.154; 5.Y.166.157; 5.Y.166.166; 5.Y.166.169; 5.Y.166.172; 5.Y.166.175; 

5.Y.166.240; 5.Y.166.244; 5.Y.169^8; 5.Y.169^9; 5.Y.169.230; 5.Y.169.231; 
35 5.Y.169.236; 5.Y.169.237; 5.Y.169.238; 5.Y.169239; 5.Y.169.154; 5.Y.169.157; 

5.Y.169.166; 5.Y.169.169; 5.Y.169.172; 5.Y.169.175; 5.Y.169.240; 5.Y.169.244; 

5.Y.172^; 5.Y.172.229; 5.Y.172.230; 5.Y.172231; 5.Y.17Z236; 5.Y.172.237; 

5.Y.172.238; 5.Y.172.239; 5.Y.172.154; 5.Y.17Z157; 5.Y.172.166; 5.Y.172.169; 

5.Y.172.172; 5.Y.172.175; 5.Y.172.240; 5.Y.172244; 5.Y.175.228; 5.Y.175.229; 
40 5.Y.175.230; 5.Y.175.231; 5.Y.175.236; 5.Y.175.237; 5.Y.175^; 5.Y.175^9; 

5.Y.175.154; 5.Y.175.157; 5.Y.175.166; 5.Y.175.169; 5.Y.175.172; 5.Y.175.175; 

5.Y.175.240; 5.Y.175^44; 5.Y.240.228; 5.Y.240^9; 5.Y^40^; 5.Y240.231; 

5.Y.240.236; 5.Y^40237; 5.Y.240.238; 5.Y240239; 5.Y^40.154; 5.Y.240.157; 

5.Y.240.166; 5.Y540.169; 5.Y^40.172; 5.Y^40.175; 5.Y^40J240; 5.Y240.244; 
45 5.Y.244228; 5.Y244.229; 5.Y^44.230; 5.Y^44231; 5.Y^44^6; 5.Y244^7; 
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10 



15 



20 



25 



30 



35 



40 



5.YJ244238; 5.Y:244^9; 5.Y244.154; 5.Y^44157; 5.Y244.166; 5.YJ244.169; 
5.Y.2U.172) 5.Y^44.175; 5.Y^44^40; 5.Y244^44; 

Prodrugs of 6.B 

63228:223} 63228229; 63228230; 63.228231; 63228236; 63228237; 



6.B.228.238 
6.B^.175 

6.3^9.236 
6.3^9.169 
6.B230.230 
6.B.230.157, 
6.B^1228 
6.B.231.239 
6.B^1.240 
6.B.236.237 

63.236.172 
6.B.237.231 
6.B237.166 
6.B.238.229 
6.B^.154 
6.B.238.244 
6.B^9.238 
6.B.239.175 
6.B.154.236 
6.B.154.169 
6.B.157.23Q 

6.B.157.157 
6.B.166.228 
6.B.166.239 
6.B.166.240 
6.B.169.237; 
6.B.169.172 
6.B.172.231 
6.B.172.166 
6.B.175.229 
6.B.175.154 
6.B.175.244 
6.B.240.238 
6.B.240.175 
6.B.244.236 
6.B244.169 



6.B.228239 
6.B.228.240 

6.B.229^7 
6.B.229.172, 

6.B.230.231, 

6.B.230.166, 

6.B.231^, 

6.B.231.154 

6.B.231^44 

6.B .236.238 

6.B^.175 

6.B.237.236 

6.B.237.169 

63^8.230 

6.B238.157, 

6.B.239.228 

6.B.239^9 
6.B.239.240 

6.8.154^7 

6.B.154.172 

6.6.157^1 

6.B.157.166. 

6.B.166.229, 

6.B.166.154, 

6.B.166.244, 

6.B.169.238, 

6.B.169.175, 

6.B.172^, 

6.B.172.169 
6.B.175^, 
6.B.175.157, 
6.6.240.228. 
6.B^40.239 
6.B.240.240. 
6.B.244.237, 
6.B.244.172; 



6.B.228.154; 6.B.228.157; 
6.B.228.244; 6.B229228; 
6.B.229.238; 6.B229.239; 
6.B.229.175; 6.B.229240. 
6.B.230.236; 6.B.230.237, 
6.6.230.169; 6.B.230.172, 
6.B.231.230; 6.B231.231 
6.B.231.157; 6.B231.166 
6.B.236.228; 6.B236.229 
6.B.236.239; 6.B.236.154 
6.B.236.240; 6.B236.244 
6.B.237.237; 6.B.237.238, 
6.B.237.172; 6.B237.175, 
6.B.238.231; 6.B.238.236 
6.B.238.166; 6.B.238.169, 
6.B.239.229; 6.B.239.230 
6.B.239.154; 6.B239.157 
6.B.239.244; 6.B.154.228, 
6.B.154.238; 6.B.154239, 
6.B.154.175; 6.B.154.240, 
6.B.157.236; 6.B.157J237 
6.B.157.169; 6.B.157.172, 
6.B.166.230; 6.B.166.231 
6.B.166.157; 6.B.166.166 
6.B.169.228; 6.B.169229 
6.B.169.239; 6.B.169.154 
6.B.169.240; 6.B.169244 
6.B.172.237; 6.B.172.238 
6.B.172.172; 6.B.172.175 
6.B.175.231; 6.B.175.236 
6.B.175.166; 6.B.175.169 
6.B.240.229; 6.B.240.230 
6.B.240.154; 6.B.240.157 
6.B.240.244; 6.B.244.228 
6.B.244238; 6.B.244.239 



6.B.228.166 
6.B.229.229 
6.B.229.154 
6.B.229.244 
6.B.230.238 
6.B.230.175 

6.B.231.236 
6.B231.169 

6.B.236.230 
6.B.236.157 

6.B.237.228 
6.B.237.239 
6.B.237J:40 
6.B.238.237 
6.B238.172 
6.B.239.231 

6.B239.166 
6.B.154.229 
6.B.154154 
6.B.154.244 
6.B.157.238 
6.B.157.175 
6.B.166.236 
6.B.166.169 
6.B.169.230 
6.B.169.157 
6.B.172.228 

6.B.172.239 
6.B.172.240 

6.B.175.237 
6.B.175.172 

6.6.240231 
6.B.240.166 
6.B.244.229 
6.B.244.154 



6.B.244.175; 6.B2U.240; 6.B.244.244 



6.B.228.169; 6.B.228.172 
6.B.229.230; 6.B229.231 
6.B.229.157; 63229.1S6 
6.B.230.228; 6.B.230.229 
6.B.230.239; 6.B.230.154 
6.B.230.240; 6.B.230.244 
6.B.231.237;6.B.231.238 
6.B.231.172; 6.B.231.175 
6.B.236.231; 6.B.236.236 
6.B.236.166; 6.B.236.169 
6.B237.229; 6.B.237.230 
6.B.237.154; 6.B.237.157, 
6.B237.244; 6.B.238.228 
6.B.238.238; 6.B.238.239 
6.B.238.175; 6.B.238.240 
6.B.239.236; 6.B.239.237 
6.B.239.169;6.B.239.172 
6.B.154.230; 6.B.154.231 
6.B.154157;6.B.154.166 
6.B.157.228; 6.B.157.229 
6.B.157.239; 6.B.157.154 
6.B.157.240; 6.B.157.244 
6.B.166.237; 6.B.166.238 
6.B.166.172;6.B.166.175 
6.B.169.231; 6.B.169.236 

6.B.169.166;6.B.169.169 
6.B.172.229; 6.B.172.230 

6.B.172.154;6.B.17Z157 
6.B.172.244; 6.B.175.228 

6.B.175.238; 6.B.175.239 
6.B.175.175; 6;B.175.240 
6.B.240.236; 6.B.240.237 
6.B.240.169; 6.B.240.172 
6.B.244.230; 6.B.244231 
6.B.244.157; 6.B.244.166 



45 



Prodrugs of 6.D 

6.D.228228; 6.D228.229; 6.D.228.230; 6.D.228.231; 6.D.228.236; 6.D.228.237; 
6.D.228.238; 6.D.228.239; 6.D.228.154; 6.D.228.157; 6.D.228.166; 6.D.228.169; 
6.D^.172; 6.DJ228.175; 6.D.228.240; 6.D.228244; 6.D.229.228; 6.D.229.229; 
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6.D.229.230; 6.D.229.231; 6.VJ229.236; 6.U.229J237; 6J>J229238} 6.DJ229239} 
6.D.229.154; 6.D.229.157; 6.DJ229.166; 6.D.229.169; 6.D^.172; 6.D.229.175; 
6.I>J2292,40; 6.D.229.244; 6.D^^; 6.D^.229; 6.D^^0; 6.D.230.231; 
6.D^0.236; 6.D.230.237; 6.D^^; 6.D.230^9; 6.D^.154; 6.D.230.157; 
5 6.D.230.166; 6.D.230.169; 6.D.230.172; 6.D.230.175; 6.D^30.240; 6.D.230.244; 
6.D.231.228; 6.U231J229; 6.D^1.230; 6.D^1.231; 6.D.231236; 6.D^1^7; 
6.D.231.238; 6.D.231.239; 6.D^31.154; 6.D.231.157; 6.D.231.166; 6.D^1.169; 
6.D.231.172; 6.D.231.175; 6.D^1^40; 6.D:231.244; 6.D^36.228; 6.D.236.229; 
6.D.236.230; 6.D^.231; 6.D^.236; 6.D^.237; 6.V23623B; 6X>J236J239; 
10 6.D.236.154; 6.D.236.157; 6.DJ236.166; 6.D.236.169; 6.D:236.172; 6.D.236.175; 
6.D.236.240; 6.D.236.244; 6.D.237^; 6.D^7.229; 6.D:237^; 6.D.237^1; 
6.D.237.236; 6.D.237.237; 6.D.237.238; 6.D.237.239; 6.D.237.154; 6.D.237.157; 
6.D.237.166; 6.D.237.169; 6.D.237.172; 6.D.237.175; 6.D.237.240; 6.D.237^44; 
6.D.238^; 6.D^.229; 6.D.238.230; 6.D^8.231; 6.D^J236; 6.D^8.237; 
15 6.D.238.238; 6.D.238.239; 6.D.238.154; 6.D.238.157; 6.D^.166; 6.D.238.169; 
6.D.238.172; 6.D.238.175; 6.D.238.240; 6.D.238.244; 6.D^9^8; 6.D.239^9; 
6.D.239.230; 6.D.239.231; 6.D.239^36; 6.D.239^7; 6.D.239.238; 6.DJ239.239; 
6.D.239.154; 6.D^39.157; 6.D.239.166; 6.D.239.169; 6.D.239.172; 6.D.239.175; 

6.D^39.240; 6.D^9.244; 6.D.154.228; 6.D.154^9; 6.D.154^; 6.D.154^1; 
20 6.D.154.236; 6.D.154.237; 6.D.154.238; 6.D.154.239; 6.D.154.154; 6.D.154.157; 

6.D.154.166; 6.D.154.169; 6.D.154.172; 6.D.154.175; 6.D.154.240; 6.D.154.244; 

6.D.157.228; 6.D.157^9; 6.D.157^; 6.D.157.231; 6.D.157.236; 6.D.157^7; 

6.D.157.238; 6.D.157.239; 6.D.157.154; 6.D.157.157; 6.D.157.166; 6.D.157.169; 

6.D.157.172; 6.D.157.175; 6.D.157.240; 6.D.157.244; 6.D.166.228; 6.JD.166229; 
25 6.D.166.230; 6.D.166.231; 6.D.166.236; 6.D.166.237; 6.D.166^38; 6.D.166.239; 

6.D.166.154; 6.D.166.157; 6.D.166.166; 6.D.166.169; 6.D.166.172; 6.D.166.175; 

6.D.166.240; 6.D.166^44; 6.D.169^; 6.D.169^9; 6.D.169^; 6.D.169.231; 

6.D.169.236; 6.D.169.237; 6.D.169.238; 6.D.169^9; 6.D.169.154; 6.D.169.157; 

6.D.169.166; 6.D.169.169; 6.D.169.172; 6.D.169.175; 6.D.169^40; 6.D.169.244; 
30 6.D.172.228; 6.D.172^9; 6.D.172.230; 6.D.172.231; 6.D.172^36; 6.D.172^7; 

6.D.172.238; 6.D.172.239; 6.D.172.154; 6.D.172.157; 6.D.172.166; 6.D.172.169; 

6.D.172.172; 6.D.172.175; 6.D.172.240; 6.D.172.244; 6.D.175^; 6.D.175^9; 

6.D.175.230; 6.D.175.231; 6.D.175^; 6.D.175.237; 6.D.175^; 6.D.175.239; 

6.D.175.154; 6.D.175.157; 6.D.175.166; 6.D.175.169; 6.D.175.172; 6.D.175.175; 
35 6.D.175.240; 6.D.175.244; 6.D240.228; 6.D.240Jt29; 6.D^40^; 6.D.240.231; 

6.D.240.236; 6.D.240.237; 6.D.240.238; 6.D.240.239; 6.D240.154; 6.D.240.157; 

6.D.240.166; 6.D.240.169; 6.D^40.172; 6.D^40.175; 6.D.240^40; 6.D.240:244; 

6.D^44.228; 6.D.244^9; 6.D^44.230; 6.D.244^31; 6.D.244.236; 6.D.244.237; 

6.D.244-238; 6.D.244.239; 6.D.244.154; 6.D.244.157; 6.D^44.166; 6.D^44.169; 
40 6.DJ244.172; 6.D.244.175; 6.DJ244.240; 6.D.244J244; 

Prodrugs of 6.E 

6.E^8.228; 6.EJ228229; 6.E:228J230; 6.EJ228^1; 6.E:228.236; 6.E228 J37; 
6.E.228^38; 6JE^8.239; 6.E.228.154; 6.E.228.157; 6JE.228.166; 6^.228.169; 6JE.228.172; 
45 6.E.228.175; 6.EJ228.240; 6.E.228.244; 6.E.229.228; 6.E.229.229; 6.E.229.230; 6.E.229.231; 
6.E229J236; 6.E.229.237; 6^.229.238; 6.E229.239; 6.E.229.154; 6^.229.157; 6.EJ229.166; 
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6.E.229.169 
6.E.230.230 
6.E.230.157 
6.E231J22& 
5 6.E.231.239 
6.E231.240 

6.E.236.237 
6.E.236.172 

6.E^7J31 
10 6.E.237.166 
6.E238.229 
6.E238.154 
6.E.238.244, 
6.E.239.238. 
15 6.E.239.175 
6.E.154.236 
6.E.154.169 
6.E.157.230 

6.E.157.157 
20 6.E.166.228 
6.E.166.239 
6.E.166.240 

6.E.169.237 

6.E.169.172 
25 6.E.172.231 
6.E.172.166 
6.E.175.229 
6.E.175.154 
6.E.175.244 
30 6.E240.238 
6.E.240.175 
6.EJ244236 
6.E^44169 



6.E^9.172 
6JB.230.231 
6JE.230.166 
6.E231.229 
6.E.231.154 
6^231.244 
6.E^6.238 
6JE236.175 

6.E.237.169 
6.E238.230 
6.E^.157 
6.E.239.228 
6^.239.239 
6.E.239^40 
6.E.154.237 
6.E.154.172 
6.E.157.231 
6.E.157.166 
6.E.166.229 
6£.166.154 
6£.166.244! 
6.E.169.238 
6.E.169.175 
6.E.17Z236 
6.E.172.169 
6JE.175.230 
6M.175.157, 

6.E.240.228 
6.E.240.239 
6.E.240.240 

6.E:244.237 
6.EJZU.172 



6JB.229.175. 
6.E.230.236 
6:E.230.169 
6:E.231.23D, 
6JE.231.157 
6JE.236.228, 

6.EJ236.239 
6i.236.240, 
6.E.237.237, 
6JE.237.172 
6.E.238.231 
6£.238.166, 
6JE.239.229 
6JE.239.154 
6.E.239.244 
6.E.154.238 
6.E.154.175 
6.E.157.236 

6£.157.169 
6.E.166.230 

6.E.166.157 
6.E.169.228 
6.E.169.239 
6.E.169.240 

6.B.17Z237 
6.E.172.172 

6.E.175J231 

6.E.175.166 

6.E.240.229 
6JE.240.154! 
6.E.240.244, 

6.E.244.238 
6.B.244.175 



6.EJ229J240; 
6JB.230.237; 
6JE.230.172; 
6.E.231.231; 
6JBJ231.166; 
6.E.236.229; 
6.E.236.154; 
6.E.236.244; 
6.E.237.238; 
6.E.237.175; 
6.EJ238.236; 
6.E.238.169; 
6.E.239.230; 
6.E.239.157; 
6.E.154.228; 
6.E.154.239; 
6.E.154J240; 
6.E.157.237; 
6.E.157.172; 
6.E.166.231; 
6.E.166.166; 
6.E.169.229; 
6.E.169.154; 
6.E.169.244; 
6.E.172.238; 
6.E.172.175; 
6.E.175.236; 
6.E.175.169; 
6JE.240.230; 
6.E.240.157; 
6.E.244.228; 
6.E.244.239; 
6JE.244.240; 



6;E.229.244; 
6^.230.238; 
6.E.230.175; 
6.E.231JZ36; 
6.E.231.169; 
6.EJ236.230; 
6JE.236.157; 
6.E.237J228; 
6JB.237.239; 
6.E.237.240; 
6.E.238J237; 
6.E.238.172; 
6.E.239.231; 
6^.239.166; 
6.E.154229; 
6£.154.154; 
6£.154.244; 
6.E.157.238; 
6£.157.175; 
6.E.166.236; 
6.E.166.169; 
6£.169.230; 
6.E.169.157; 
6.E.172.228; 
6JE.172.239; 
6.E.172.240; 
6.E.175J237; 
6.E.175.172; 
6.E.240.231; 
6JE.240.166; 
6.E.244.229; 
6.E.244.154; 



6.E.230.228 
6.E.230.239 
6.E.230.240 

6.E.231.237 
6.E.231.172 
6.E.236.231 
6.E.236.166 
6.E.237.229 
6.E.237.154 
6.E.237.244 
6.E.238.238 
6.E.238.175 
6.E.239.236 
6JE.239.169 
6.E.154.230 
6.E.154.157 
6.E.157.228 
6.E.157.239 
6.E.157.240 
6.E.166.237 
6.E.166.172 
6.E.169.231 
6.E.169.166 
6.E.172.229 
6.E.172.154 
6.E.172.244 
6.E.175.238 
6.E.175.175 
6.E.240.236 
6.E.240.169 
6.E.244.230 
6JE.244.157 



6.E.230.229 
6.E.230.154! 
6.E.230.244, 
6JE.231.238, 
6.E.231.175 

6.E.236.236 
6.E.236.169 
6.E.237.230 
6.E.237.157, 
6.E.238.228 
6.E.238.239 
6£238.240 

6.E.239.237 
6.E.239.172 

6.E.154.231 
6.E.154.166 
6.E.157.229 
6.E.157.154, 
6.E.157.244, 
6.E.166.238 
6.E.166.175 
6.E.169.236, 
6.E.169.169 
6.E.172.230 
6.E.172.157i 

6.E.175.228 
6.E.175.239 
6.E.175.240 
6.E.240.237, 
6.E.240.172 
6.E.244.231 
6^^44.166 



35 Prodrugs of 6.G 

6.G.228.228; 6.G.228.229; 6.G.228.230; 6.G.228.231; 6.G.228.236; 6.G.228.237; 

6.G.228.238; 6.G.228.239; 6.G.228.154; 6.G.228.157; 6.GJ228.166; 6.G.228.169; 

6.G.228.172; 6.G.228.175; 6.G.228.240; 6.G.228.244; 6.G.229.228; 6.G.229.229; 

6.G.229.230; 6.G.229.231; 6.G.229.236; 6.G.229.237; 6.G.229.238; 6.G.229.239; 
40 6.G.229.154; 6.G.229.157; 6.G.229.166; 6.G.229.169; 6.GJ229.172; 6.G.229.175; 

6.G.229.240; 6.G.229.244; 6.G.230.228; 6.G.230.229; 6.G.230.230; 6.GJ230.231; 

6.G.230.236; 6.G.230.237; 6.G.230.238; 6.G.230.239; 6.G.230.154; 6.G.230.157; 

6.GJ230.166; 6.G.230.169; 6.G.230.172; 6.GJ230.175; 6.G.230J240; 6.G2302M) 

6.G.231.228; 6.G.231.229; 6.G.231.230; 6.GJ231.231; 6.G.231236; 6.G.231.237; 
45 6.G.231.238; 6.G.231.239; 6.GJ231.154; 6.G.231.157; 6.G.231.166; 6.G.231.169; 

6.0.231.17^ 6.G.231.175; 6.G231.240; 6.G.231.244; 6.G.236228; 6.G.236J229; 
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10 



15 



20 



25 



30 



35 



40 



6.G.236.230; 
6.G.236-154; 
6.G.236.240; 
6.G.237.236; 
6.G.237.166; 
6.G.238.228; 
6.G.238:238; 
6.G.238.172; 
6.G.239.230; 
6.G.239.154; 
6.G.239.240; 
6.G.154^6; 
6.G.154.166; 
6.G.157228; 
6.G.157.238; 
6.G.157.172; 
6.G.166.230; 
6.G.166.154; 
6.G.166.240; 
6.G.169^6; 
6.G.169.166; 
6.G.172.228; 
6.G.172.238; 
6.G.172.172; 
6.G.175.230; 
6.G.175.154; 
6.G.175.240; 
6.G.240.236; 
6.G.240.166; 
6.G.244.228; 
6.G.244.238; 
6.G.244.172; 



6.G.236J231; 
6.G^36.157; 
6.G236244; 
6.G237.237; 
6.G237.169; 
6.G.238229; 
6.G238^9; 
6.G^.175; 
6.G.239231; 
6.G239.157; 
6.G.239.244; 
6.G.154.237; 
6.G.154.169; 
6.G.157^9; 
6.G.157.239; 
6.G.157.175; 
6.G.166.231; 
6.G.166.157; 
6.G.166.244; 
6.G.169^7; 
6.G.169.169; 
6.G.172.229; 
6.G.172.239; 
6.G.172.175; 
6.G.175.231; 
6.G.175.157; 
6.G.175.244; 
6.G.240.237; 
6.G.240.169; 
6.G.244.229; 
6.G^44^9; 
6.G^44.175; 



6.G^.236; 
6.G^6.166; 
6.G^7.228; 
6.G^7.238; 
6.G^7.172; 
6.G^8230; 
6.G^8.154; 
6.G^.240; 
6.G.239.236; 
6.GJ239.166; 
6.G.154.228; 
6.G.154^; 
6.G.154.172; 
6.G.157.230; 
6.G.157.154; 
6.G.157.240; 
6.G.166.236; 
6.G.166.166; 
6.G.169.228; 
6.G.169.238; 
6.G.169.172; 
6.G.172.230; 
6.G.172.154; 
6.G.172.240; 
6.G.175.236; 
6.G.175.166; 
6.G.240.228; 
6.G.240.238; 
6.G^40.172; 
6.G.244.230; 
6.G^44.154; 
6.G.244.240; 



6.G236J237; 
6.G.236.169; 
6.G^7.229; 
6.G^37.239; 
6.G^7.175; 
6.G.238J231; 
6.G.238.157; 
6.G.238^44; 
6.G.239.237; 
6.G239.169; 
6.G.154.229; 
6.G.154.239; 
6.G.154.175; 
6.G.157J231; 
6.G.157.157; 
6.G.157.244; 
6.G.166.237; 
6.G.166.169; 
6.G.169.229; 
6.G.169.239; 
6.G.169.175; 
6.G.172.231; 
6.G.172.157; 
6.G.172.244; 
6.G.175.237; 
6.G.175.169; 
6.G.240.229; 
6.G.240.239; 
6.G.240.175; 
6.G.244.231; 
6.G.244.157; 
6.G.244244; 



6.G.236J238 
6.G.236.172 

6.G.237^0 

6.G^7.154 

6.G.237.240 

6.G.238^6 

6.G.238.166 

6.G.239J228 

6.G.239.238 

6.G.239.172 

6.G.154.230 

6.G.154.154 

6.G.154.240 

6.G.157^6 

6.G.157.166 

6.G.166^8 
6.G.166.238 
6.G.166.172 
6.G.169.230 
6.G.169.154 
6.G.169.240 
6.G.172^ 
6.G.172.166 
6.G.175^8 
6.G.175238 
6.G.175.172 
6.G.240.230 
6.G^40.154 
6.G.240.240 
6.G^44.236 
6.G.244166 



6.G.236.239 
6.G.236.175 
6.G.237.231 
6.G.237.157i 
6.G.237.244 
6.G.238^7i 
6.G.238.169 
6.G.239229 
6.G.239.239 
6.G.239.175 
6.G.154.231 
6.G.154157, 
6.G.154.244, 
6,G.157237 

6.G.157.169 
6.G.166229 
6.G.166239 
6.G.166.175 
6.G.169.231 
6.G.169.157 
6.G.169.244 

6.G.172.23Z 
6.G.172.169 

6.G.175.229 
6.G.175^9 
6.G.175.175 
6.G.240^1 
6.G.240.157, 
6.G^40.244 
6.G.244^7, 
6.G^44.169 



Prodrugs of 6.1 

6.L228.228; 6.L228.229; 6 JJ228.230; 6.L228231; 6.L228^; 6X228.237; 6X228.238; 



45 



6.1.228.239; 6.1.228.154; 6X228.157; 
6.L228.240; 6.L228.244; 6.L229.228 
6.1.229.237; 6.1.229.238; 6X229.239, 
6.1.229.172; 6.L229.175; 6.L229.240, 
6.1.230231; 6X230.236; 6X230.237, 
6.1230.166; 6.L230.169; 6.L230.172, 
6.1.231.229; 6X231230; 6.1231.231, 
6J231.154; 6.1231.157; 6.L231.166 
6.1231.244; 6.1.236228; 6X236.229 
6.1.236238; 6.1236239; 6.1.236.154 
6X236.175; 6.1236240; 6X236.244; 



6.1.228.166; 6.L228.169; 
6X229.229; 6X229230; 
6.1.229.154; 6X229.157, 
6.1229.244; 6X230.228, 
6.1.230.238; 6 J230.239 
6X230.175; 6X230.240. 
6.1.231.236; 6.1231.237; 
6.L231.169; 6X231.172 
6X236.230; 6.1236.231 
6.1.236.157; 6.1.236.166 
6.1.237.228; 6X237229; 



6X228.172; 6.1.228.175; 
6.1229231; 6.1229236; 
6.1.229.166; 6.1.229.169; 
6X230229; 6.1230230; 
6X230.154; 6J230.157; 
6.1.230244; 6.1.231.228; 
6.1231.238; 6.1231.239; 
6.1.231.175; 6.1.231.240; 
6X236.236; 6.1236.237; 
6.1.236.169; 6.1.236.172; 
6.1237.230; 6.1237.231; 
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6X237236; 6.1.237.237; 6.L237.238; 6.L237.239; 6.1237.154; 6.L237.157; 6.1.237.166; 

6.L237.169; 6.1.237.172; 6.L237.175; 6.L237.240; 6X237.244; 6.L238228; 6.1238.229; 

6X238230; 6.L238.231; 6.L238236; 6.1.238.237; 6X238238; 6.1.238.239; 6.1.238.154; 

6.L238.157; 6.1.238.166; 6X238.169; 6.L238.172; 6X238.175; 6.L238240; 6.1238244; 
5 6.L239.228; 6X239.229; 6X239.230; 6.1.239.231; 6X239.236; 6.L239.237; 6.1239.238; 

6X239239; 6.1239.154; 6.L239.157; 6.L239.166; 6.1239.169; 6.1.239.172; 6.1239.175; 

6.1.239.240; 6.1239.244; 6X154.228; 6.1.154.229; 6X154.230; 6.L154.231; 6.1.154.236; 

6X154.237; 6X154.238; 6X154.239; 6.1.154154; 6X154.157; 6X154.166; 6X154.169; 

6.1.154.172; 6.1.154.175; 6.1.154.240; 6.1.154.244; 6.1.157.228; 6.L157.229; 6.1.157.230; 
10 6X157.231; 6.L157.236; 6X157.237; 6.1.157.238; 6.L157.239; 6X157.154; 6.1.157.157; 

6.1.157.166; 6.1.157.169; 6.L157.172; 6.1.157.175; 6X157.240; 6.L157.244; 6.1.166.228; 

6.L166229; 6X166.230; 6X166231; 6.1.166.236; 6X166.237; 6X166238; 6J.166.239; 

6X166.154; 6.1.166.157; 6.1.166.166; 6.1.166.169; 6.L166.172; 6.L166.175; 6X166.240; 

6.L166.244; 6.1.169228; 6X169229; 6X169.230; 6.L169.231; 6X169236; 6X169237; 
15 6.1.169.238; 6.1.169.239; 6.L169.154; 6.1.169.157; 6.1.169.166; 6.L169.169; 6X169.172; 

6X169.175; 6X169.240; 6.L169244; 6.1.172.228; 6X172.229; 6X172230; 6X172.231; 

6X172.236; 6X172.237; 6.1.172.238; 6.1.172.239; 6.1.172.154; 6X172.157; 6.1.172.166; 

6X172.169; 6X172.172; 6X172.175; 6X17Z240; 6.L172.244; 6X175.228; 6.1.175.229; 
■ 6X175.230; 6.1.175.231; 6.L175.236; 6.1.175.237; 6.L175.238; 6X175239; 6J.175.154; 
20 6X175.157; 6.1.175.166; 6X175.169; 6.1.175.172; 6.L175.175; 6.1.175.240; 6.1.175.244; 

6X240.228; 6 J.240.229; 6.L240.230; 6.1.240.231; 6.1240.236; 6X240237; 6J.240.238; 

6.1.240.239; 6.1240.154; 6X240.157; 6J240.166; 6.1.240.169; 6.1.240.172; 6J.240.175; 

6.1.240240; 6.L240.244; 6.L244.228; 6 J.244.229; 6.1244.230; 6.1244231; 6.1244.236; 

6J.244.237; 6.L244.238; 6.1.244.239; 6.1.244.154; 6X244.157; 6.1.244.166; 6.1.244.169; 
25 6.1244172; 6.L244.175; 6X244240; 6J244.244; 

Prodrugs of 6.T 

6.J.228.228; 6.J.228.229; 6.J.228.230; 6.J.228.231; 6.J.228.236; 6.J228.237; 6.J.228.238; 

6J.228.239; 6.J228.154; 6.J228.157; 6.J.228.166; 6.J228.169; 6.J.228.172; 6.J228.175; 
30 6.J.228.240; 6.J.228.244; 6.J.229.228; 6.J.229.229; 6.J.229.230; 6.J.229.231; 6.J.229.236; 

6.J229.237; 6.J.229.238; 6J.229239; 6.J229.154; 6.J.229.157; 6.J.229.166; 6.J229.169; 

6.J.229.172; 6.J.229.175; 6.J.229.240; 6.J.229.244; 6.J.230.228; 6.J.230.229; 6.J.230.230; 

6.J230231; 6.J230.236; 6.J230.237; 6.J230238; 6.J230.239; 6J.230.154; 6.J230.157; 

6.J.230.166; 6.J.230.169; 6.J230.172; 6.J.230.175; 6.J230.240; 6.J230.244; 6.J.231.228; 
35 6.J231229; 6.J231.230; 6.J.231231; 6.J231.236; 6.J231.237; 6.J.231.238; 6.J.231 .239; 

6.J.231.154; 6.J.231.157; 6.J231.166; 6.j.231.169; 6.J231.172; 6.J231.175; 6.J.231.240; 

6.J.231244; 6.J.236228; 6.J.236229; 6.J236.230; 6 J.236.231; 6.J.236.236; 6.J.236.237; 

6.J.236238; 6J.236.239; 6.J236.154; 6.J.236.157; 6.J.236.166; 6.J.236.169; 6.J.236.172; 

6.J236.175; 6.J.236.240; 6.J236244; 6.J.237.228; 6.J.237.229; 6.J.237.230; 6.J.237.231; 
40 6.J.237236; 6.J.237237; 6.J.237.238; 6.J237.239; 6.J237.154; 6.J.237.157; 6.J237.166; 

6.J.237.169; 6.J237.172; 6.J.237.175; 6.J.237.240; 6.J.237.244; 6.J.238.228; 6.J.238.229; 

6.J.238.230; 6.J.238.231; 6.J.238236; 6.J238237; 6.J.238238; 6.J238.239; 6.J238.154; 

6J.238.157; 6.J.238.166; 6.J238.169; 6.J.238.172; 6.J.238.i75; 6.J.238.240; 6.J.238.244; 

6.J239.228; 6.J.239.229; 6.J239230; 6.J239.231; 6.J.239236; 6.J.239.237; 6.J239.238; 
45 6.J.239.239; 6.J.239.154; 6.J.239.157; 6.J.239.166; 6.J.239.169; 6.J.239.172; 6.J.239.175; 

6.J239.240; 6.J.239244; 6.J.154228; 6.J.154.229; 6.J.154230; j6.J.154231; 6.J.154236; 
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6.J.154237, 
6.J.154.172 
6J.157^1 
6J.157.166 
6.J.166.229 
6.J.166.154 
6.J.166.244 
6.J.169.238 
6.J.169.175 
6.J.172.236 
6.J.172.169 
6.J.175.230 

6.J.175.157 
6.}J240.228 
6.J.240.239 
6.J.240.240 
6.J.244.237 
6J244.172 



6J.154.238; 
6J.154.175; 
6J.157236; 
6J.157.169; 
6J.166.230; 
6J.166.157; 
6.J.169.228; 
6.J.169.239; 
6J.169.240; 
6J.172.237; 
6J.172.172; 
6.J.175.231; 
6J.175.166; 
6J.240.229; 
6J.240.154; 
6.J.240.244; 
6J.244.238; 
6.J.244.175; 



6J.154.239; 
6.J.154.240; 
6.J.157.237; 
6.J.157.172; 
6J.166231; 
6J.166.166; 
6.J.169.229; 
6.J.169.154; 
6J.169.244; 
6.J.172.238; 
6.J.172.175; 
6J.175.236; 
6.J.175.169; 
6.J.240J230; 
6J.240.157; 
6J.244228; 
6.J.244.239; 
6.J.244.240; 



6J.154.154, 
6J.154.244 
6.J.157.238 
6J.157.175 

6J.166.236 
6J.i66.169 
6J.169.230 

6.J.169.157 
6J.172.228 
6J.172.239 
6J.172.240 

6J.175.237 
6J.175.172 

6J.240.231 

6.J.240.166 

6J.244.229 

6.J.244.154 

6J.244.244 



6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6 
6 
6 
6 
6 
6 



.154.157 
.157.228 
.157.239. 
.157.240, 

.166.237 
.166.172, 
.169.231, 

.169.166 
.172.229, 
.172.154, 
.172.244, 
.175.238. 
.175.175, 
.240.236, 
.240.169 
.244230. 
.244.157; 



6.J.154.166; 
6.J.157.229; 
6.J.157.154; 
6.J.157.244; 
6J.166.238; 
6.J.166.175; 
6J.169.236; 
6.J.169.169; 
6.J.172.230; 
6.J.172.157; 
6J.175.228; 
6.J.175239; 
6.J.175.240; 
6.J.240237; 
6.J.240.172; 
6.J.244231; 
6,7.244.166; 



6.J.154.169; 
6.J.157.230; 
6J.157.157; 
6.J.166.228; 
6J.166.239; 
6.J.166.240; 
6.J.169.237; 
6.J.169.172J 
6.J.172.231; 
6.J.172.166; 
6.J.175.229; 

6.J.175.154; 
6J.175.244; 

6.J240.238; 

6.J.240.175; 

6.J.244236; 

6.J.244.169; 



20 Prodrugs of 6.L 

6.L.228.228; 6.L.228.229; 6.L.228.230; 6.L.228.231; 6.L.228.236; 6.L.228.237; 

6.L228.238; 6.L.228239; 6.L.228.154; 6.L.228.157; 6.L228.166; 6.L.228.169; 6.L.228.172; 

6.L.228.175; 6.L.228.240; 6.L.228.244; 6.L.229.228; 6.L.229.229; 6.L.229.230; 6.L.229.231; 

6.L.229.236; 6.L.229.237; 6.L.229.238; 6.L229.239; 6.L.229.154; 6.L229.157; 6.L.229.166; 
25 6.L.229.169; 6.L.229.172; 6.L.229.175; 6.L.229.240; 6.L.229.244; 6.L.230.228; 6.L230.229; 

6.L230.230; 6.L.230231; 6.L.230.236; 6.L.230.237; 6.L.230.238; 6.L.230.239; 6.L.230.154; 

6.L.230.157; 6.L.230.166; 6.L.230.169; 6.l!230.172; 6.L.230.175; 6.L230.240; 6.L.230.244; 

6.L.231.228; 6.U231229; 6.L.231.230; 6.L.231.231; 6.L.231.236; 6.L.231.237; 6.L.231.238; 

6,L.231.239; 6.L.231.154; 6.L.231.157; 6.L.231.166; 6.L.231.169; 6.L231.172; 6.L.231.175; 
30 6.L.231.240; 6.L.231.244; 6.L.236.228; 6.L.236.229; 6.L.236.230; 6.L.236.231; 6.L.236.236; 

6.L.236.237; 6.L.236.238; 6.L.236.239; 6.LJ236.154; 6.L.236.157; 6.L236.166; 6.L.236.169; 

6.L.236.172; 6.L.236.175; 6.L.236.240; 6.L.236.244; 6.L.237.228; 6.L.237.229; 6.L.237.230; 

6.L237.231; 6.L237236; 6.L.237.237; 6.L.237.238; 6.L.237.239; 6.L237.154; 6.L.237.157; 

6.L.237.166; 6.L.237.169; 6.L.237.172; 6.L.237.175; 6.L.237.240; 6.L.237.244; 6.L.238.228; 
35 6X238.229; 6.L.238.230; 6.L.238.231; 6.L.238.236; 6.L.238.237; 6.L238238; 6.L.238.239; 

6.L.238.154; 6.L.238.157; 6.L.238.166; 6.L.238.169; 6.L.238.172; 6.L.238.175; 6.L.238.240; 

6.L238.244; 6.L.239.228; 6.L.239.229; 6.L.239.230; 6.L.239.231; 6.L.239.236; 6.L.239.237; 

6.L.239.238; 6.L.239.239; 6.L.239.154; 6.L.239.157; 6.L.239.166; 6.L.239.169; 6.L.239.172; 

6.L239.175; 6.L239.240; 6.L.239.244; 6.L.154.228; 6.L.154.229; 6.L.154.230; 6.L.154.231; 
40 6.L.154.236; 6.L.154237; 6.L.154.238; 6.L.154.239; 6.L.154154; 6.L.154.157; 6.L.154.166; 

6.L.154.169; 6.L.154.172; 6.L.154175;6.L.154.240; 6.L.154.244; 6.L.157.228; 6.L.157.229; 

6.L.157.230; 6.L.157.231; 6.L.157.236; 6.L.157.237; 6.L.157.238; 6.L.157.239; 6.L.157.154; 

6.L.157.157; 6.L.157.166; 6.L.157.169; 6.L.157.172; 6.L.157.175; 6.L.157.240; 6.L.157.244; 

6.L.166.228; 6.L.166.229; 6.L.166.230; 6.L.166.231; 6.L.166.236; 6.L.166.237; 6.L.166.238; 
45 6.L.166.239; 6.L.166.154; 6.L.166.157; 6.L.166.166; 6.L.166.169; 6.L.166.172; 6.L.166.175; 

6.L.166.240; 6.L.166.244; 6.L.169.228; 6.L.169.229; 6.L.169.230; 6.L.169.231; 6.L.169.236; 
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6.L.169.237; 
6.L.169.172; 
6.L.172.231; 
6.L.172.166; 
6.L.175.229; 
6.L.175.154; 
6.L.175.244; 
6.L240.238; 
6.L.240.175; 
6.L244.236; 
6.L244.169; 



6.L.169.238 

6.L.169.175; 

6.L.172.236, 

6.L.172.169, 

6.L.175.230, 

6.L.175.157 
6.L.240.228, 

6.L.240^9 
6.L.240.240, 
6.L2UJ237. 
6.L.244.172; 



6.L.169.239 
6.L.169.240, 
6.L.172^37 
6.L.172.172 
6.L.175.231, 
6.L.175.166 
6.L240.229 
6.L^40.154, 
6.L.240.244. 
6.L244.238, 
6.L.244.175; 



6.L.169.154, 
6.L.169^44, 

6.L.172.238 
6.L.172.175, 
6.L.175.236. 
6.L.175.169 
6.L.240.230 
6.L.240.157 
6.L.244.228 
6X244.239. 
6.L.244.240; 



6.L.169.157; 
6.L.172.228; 
6.L.172.239; 
6.L.172.240; 
6.L.175.237; 
6.L.175.172; 
6.L.240.231; 
6.L.240.166; 
6.L.244.229; 
6.L.244.154; 
6.L.244.244; 



6.L.169.166; 
6.L.172.229; 
6.L.172.154; 
6.L.172244; 
6.L.175.238; 
6.L.175.175; 
6.L.240.236; 
6.L240.169; 
6.L.244.230; 
6.LJ244.157; 



6.L.169.169 
6.L.17Z230 

6.L.172.157 
6.L.175.228 
6.L.175.239 
6.L.175240 

6.L.240.237 
6.L.240.172 

6.L.244.231 

6.L.244166 



Prodrugs of 6.0 

6.0^.228; 6.0.228.229; 6.O.228.230; 6.0.228.231; 6.0.228.236; 6.0.228.237; 



45 



6.0.228.238 
6.0228.172^ 
6.O.229.230 
6.0229.154 
6.O.229.240 

6.O230.236 
6.O.230.166 

6.0.231.228 

6.0.231.238 
6.0.231.172 

6.O.236.230 
6.0.236.154 
6.O.236.240i 
6.0.237.236 

6.0.237.166 
6.0.238.228, 

6.0.238238, 
6.0.238.172, 
6.O.239.230, 
6.0.239.154 
6.023924Q, 
6.0.154236 
6.0.154.166! 
6.0.157.228 

6.0.157.238 
6.0.157.172 

6.O.166.230 
6.0.166.154i 
6.O.166.240 

6.0.169.236 
6.0.169.166 
6.0.172.228 



6.0.228.239; 6.0.228.154 
6.0.228.175; 6.O.228240 
6.0.229.231; 6.0.229.236 
6.0.229.157; 6.0.229.166 
6.0.229.244; 6.O.230.228 
6.O230.237; 6.O.230.238 
6.O.230.169; 6.O.230.172 
6.0.231.229; 6.O.231.230, 
6.0.231.239; 6.0.231.154 
6.0.231.175; 6.O.231.240 
6.0236.231; 6.0236.236 
6.0.236.157; 6.0.236.166 
6.0.236.244; 6.0.237.228 
6.0.237.237; 6.0.237.238 
6.0237.169; 6.0237.172 
6.0.238.229; 6.O.238.230 
6.0238.239; 6.0238.154^ 
6.0.238.175; 6.O238.240 

6.0239.231; 6.0239236 
6.0.239.157; 6.0.239.166 
6.0239.244; 6.0.154228^ 
6.0.154.237; 6.0.154238 
6.0.154.169; 6.0.154.172 
6.0.157.229; 6.O.157.230 
6.0.157.239; 6.0.157.154 
6.0.157.175; 6.O.157240 
6.0.166.231; 6.0.166236 
6.0.166.157; 6.0.166.166 
6.0.166.244; 6.0.169.228 
6.0.169.237; 6.0.169238 
6.0.169.169; 6.0.169.172 
6.0.172.229; 6.O.172230 



6.0.228.157 
6.0228244, 

6.0.229.237 
6.0.229.169 
6.O.230.229 
6.O.230239 
6.O.230.175 
6.0.231231 

6.0.231.157 
6.0.231.244 

6.0.236.237 
6.0.236.169 
6.0.237.229 
6.0.237.239 
6.0.237.175 
6.0.238.231 
6.0.238.157 
6.0.238.244 

6.0239237 
6.0.239.169 

6.0.154229 
6.0.154.239 
6.0.154175 
6.0.157.231 

6.0.157.157 
6.0.157.244 

6.0.166.237 
6.0.166.169 
6.0.169.229 

6.0.169239 
6.0.169.175 
6.0.172231 



6.0.228.166 

6.0229.228 
6.0.229.238 
6.0229.172, 
6.O.230.230 
6.O230.154! 
6.O.230.240 
6.0231.236 
6.0231.166 
6.0.236.228 

6.0.236.238 
6.0.236.172 
6.0.237.23Q 

6.0.237.154 
6.O237.240, 

6.0.238.236 
6.0238.166 
6.0239.228 

6.0239.238 

6.0.239.172, 

6.O.154.230, 
6.0.154.154 
6.O.154240, 
6.0.157.236 
6.0.157.166 
6.0.166228 
6.0.166238 
6.0.166.172 
6.O.169.230 

6.0.169.154 

6.O.169240, 

6.0.172236 



6.0.228.169 

6.0.229.229 
6.0.229.239 
6.0229.175, 
6.O.230.231 

6.O230.157 
6.O.230.244 

6.0231.237 
6.0.231.169 
6.0.236.229 

6.0236.239 
6.0.236.175 
6.0237.231 

6.0.237.157 
6.0237.244, 

6.0.238.237 

6.0238.169 
6.0.239.229 

6.0.239239 
6.0.239.175 
6.0.154231 

6.0.154.157 
6.0.154.244, 

6.0.157.237 
6.0. 157.169 
6.0.166229 
6.0.166.239 
6.0.166.175 
6.0.169231 
6.0.169.157 
6.0.169.244, 
6.0.172237 
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6.0.172^; 6.0.172^9; 6.0.172.154; 6.0.172.157; 6.0.172.166; 6.0.172.169; 

6.0.172.172; 6.0.172.175; 6.O.172.240; 6.6.172.244; 6.0.175.228; 6.6.175.229; 

6.O.175.230; 6.0.175.231; 6.6.175.236; 6.0.175.237; 6.0.175.238; 6.0.175.239; 

6.0.175.154; 6.0.175.157; 6.0.175.166; 6.6.175.169; 6.0.175.172; 6.0.175.175; 
5 6.O.175.240; 6.0.175.244; 6.6.240.228; 6.O.240.229; 6.O.240.230; 6.O.240.231; 

6.O.240.236; 6.6.240.237; 6.O.240.238; 6.O.240.239; 6.O.240.154; 6.O.240.157; 

6.O.240.166; 6.O.240.169; 6.O.240.172; 6.O.240.175; 6.O.240.240; 6.6.240.244; 

6.6.244.228; 6.6.244.229; 6.6.244.230; 6.0.244.231; 6.0.244.236; 6.6.244237; 

6.0.244.238; 6.0.244.239; 6.0.244.154; 6.0.244.157; 6.0.244.166; 6.0.244.169; 
10 6.6.244.172; 6.0.244.175; 6.O.244.240; 6.0.244.244; 

Prodrugs of 6.F 

6.PJi28.228; 6 J>.228.229; 6.P.228.230; 6.P.228231; 6^.228.236; 6.P.228.237; 

6.P.228.238; 6.P.228.239; 6.P228.154; 6.P.228.157; 6.P.228.166; 6.P.228.169; 6 J.228.172; 
15 6.P.228.175; 6P.228.240; 6.P.228.244; 6.P.229.228; 6.P.229.229; 6.P.229.230; 6.P.229.231; 

6.P.229.236; 6.P.229.237; 6 J»229.238; 6.P.229.239; 6.P.229.154; 6.P.229.157; 6.P.229.166; 

6.P.229.169; 6.P.229.172; 6.P.229.175; 6.P.229.240; 6.P.229.244; 6.P.230.228; 6.P.230.229; 

6.P.230.230; 6.P.230.231; 6JP.230.236; 6.P.230.237; 6.P.230.238; 6J?.230.239; 6.P.230.154; 

6.P.230.157; 6.P.230.166; 6JP.230.169; 6.P.230.172; 6.P.230.175; 6.P.230.240; 6.P.230.244; 
20 6.P.231.228; 6J>.231.229; 6.P.231.230; 6.P.231.231; 6.P.231.236; 6.P.231.237; 6.P.231.238; 

6.P.231.239; 6J.231.154; 6.P.231.157; 6.P.231.166; 6^.231.169; 6.P.231.172; 6.P.231.175; 

6.P.231.240; 6.P.231.244; 6.P.236.228; 6.P.236.229; 6.P.236.230; 6.P.236.231; 6.P.236.236; 

6.P236.237; 6.P.236.238; 6.P.236.239; 6J.236.154; 6.P.236.157; 6.P.236.166; 6.P.236.169; 

6.P.236.172; 6.P.236.175; 6.P.236.240; 6.P.236.244; 6 J.237.228; 6.P.237.229; 6.P.237.230; 
25 6.P237.231; 6.P.237.236; 6.P.237.237; 6.P.237.238; 6.P.237.239; 6.P.237.154; 6.P.237.157; 

6.P.237.166; 6 J.237.169; 6.P.237.172; 6.P.237.175; 6 J.237.240; 6.P.237.244; 6.P.238.228; 

6.P238.229; 6.P.238.230; 6.P238.231; 6.P.238.236; 6.P.238.237; 6.P.238.238; 6.P.238.239; 

6.P.238.154; 6.P.238.157; 6.P.238.166; 6.P.238.169; 6.P.238.172; 6.P.238.175; 6.P.238.240; 

6.P.238.244; 6.P.239.228; 6.P.239.229; 6.P.239.230; 6JP.239.231; 6.P.239.236; 6.P.239.237; 
30 6.P.239.238; 6.P.239.239; 6.P.239.154; 6.P.239.157; 6.P.239.166; 6.P.239.169; 6.P.239.172; 

6.P.239.175; 6 J.239.240; 6P.239.244; 6.P.154.228; 6.P.154.229; 6.P.154.230; 6.P.154.231; 

6.P.154.236; 6.P.154.237; 6.P.154.238; 6.P.154.239; 6.P.154.154; 6 J.154.157; 6.P.154.166; 

6.P.154.169; 6JP.154.172; 6P.154.175; 6.P.154.240; 6.P.154.244; 6P.157.228; 6.P.157.229; 

6.P.157.230; 6.P.157.231; 6P.157.236; 6.P.157.237; 6.P.157.238; 6P.157J239; 6P.157.154; 
35 6.P.157.157; 6.P.157.166; 6.P.157.169; 6P.157.172; 6.P.157.175; 6.P.157.240; 6.P.157.244; 

6.P.166.228; 6P.166.229; 6.P.166.230; 6.P.166.231; 6P.166.236; 6.P.166.237; 6.P.166.238; 

6.P.166.239; 6.P.166.154; 6P.166.157; 6.P.166.166; 6P.166.169; 6.P.166.172; 6.P.166.175; 

6.P.166.240; 6.P.166.244; 6P.169.228; 6.P.169.229; 6.P.169.230; 6.P.169.231; 6.P.169.236; 

6.P.169.237; 6.P.169.238; 6.P.169.239; 6.P.169.154; 6P.169.157; 6P.169.166; 6.P.169.169; 
40 6.P.169.172; 6.P.169.175; 6.P.169.240; 6P.169.244; 6.P.172.228; 6.P.172.229; 6.P.172.230; 

6.P.172.231; 6.P.172.236; 6P.172.237; 6.P.172.238; 6.P.172.239; 6.P.172.154; 6.P.172.157; 

6.P.172.166; 6.P.172.169; 6.P.172.172; 6.P.172.175; 6.P.172.240; 6.P.172.244; 6.P.175.228; 

6.P.175.229; 6.P.175.230; 6P.175.231; 6.P.175.236; 6.P.175.237; 6.P.175.238; 6.P.175.239; 

6.P.175.154; 6.P.175.157; 6P.175.166; 6P.175.169; 6.P.175.172; 6.P.175.175; 6P.175.240i 
45 6.P.175.244; 6.P.240.228; 6.P.240.229; 6P.240.230; 6P.240.231; 6P.240.236; 6.P.240.237; 

6P.240.238; 6.P.240.239; 6P.240.154; 6P.240.157; 6.P.240.166; 6P.240.169; 6P.240.172. 
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6.P.240.175; 6.P^40.240; 6F2.40.2U; 6.P.2UJ228} 6J>.244^; 6.T.2U230', 6.P^44^1; 
6P.244.236; 6.P.244.237; 6.P.244.238; 6.P.244.239; 6.PJ244.154; 6.P.244.157; 6P.244.166; 
6P.244.169; 6.P.244.172; 6P.244.175; 6.P.244.240; 6P.244.244; 

5 Prodrugs of 6.U 

6.U.228.228; 6.U.228.229; 6.U.228.230; 6.U.228.231; 6.U.228.236; 6.U.228.237; 
6.U.228.238; 6.U.228.239; 6.U.228.154; 6.U.228.157; 6.U.228.166; 6.U.228.169; 
6.U.228.172; 6.U.228.175; 6.U.228J:40; 6.UJ>28.244; 6.U.229228; 6.U.229.229; 
6.U.229.230; 6.U.229.231; 6.U.229.236; 6.U.229.237; 6.U.229.238; 6.UJ229.239; 
10 6.U.229.154; 6.U.229.157; 6.U.229.166; 6.U.229.169; 6.U.229.172; 6.U.229.175; 

6.U.229.240; 6.U.229.244; 6.U.230.228; 6.U J30.229; 6.U.230.230; 6.U.230.231; 

6.U.230.236; 6.U.230.237; 6.U.230.238; 6.U.230.239; 6.U.230.154; 6.U.230.157; 

6.U.230.166; 6.U.230.169; 6.U.230.172; 6.U.230.175; 6.U.230.240; 6.U.230.244; 

6.U.231.228; 6.U.231.229; 6.U.231.230; 6.U.231.231; 6.U.231.236; 6.U.231.237; 
15 6.U.231.238; 6.U.231.239; 6.U.231.154; 6.U.231.157; 6.U.231.166; 6.U.231.169; 

6.U.231.172; 6.U.231.175; 6.U.231.240; 6.U.231.244; 6.U.236.228; 6.U.236.229; 

6.U.236.230; 6.U.236.231; 6.U.236.236; 6.U.236.237; 6.U.236.238; 6.U.236.239; 

6.U.236.154; 6.U.236.157; 6.U.236.166; 6.U.236.169; 6.U.236.172; 6.U.236.175; 

6.U.236.240; 6.U.236.244; 6.U.237.228; 6.U.237.229; 6.U.237.230; 6.U.237.231; 
.20 6.U.237.236; 6.U.237.237; 6.U.237.238; 6.U.237.239; 6.U.237.154; 6.U.237.157; 

6.U.237.166; 6.U.237.169; 6.U.237.172; 6.U.237.175; 6.U.237240; 6.U237.244; 

6.U.238.228; 6.U.238.229; 6.U.238.230; 6.U.238.231; 6.U.238.236; 6.U.238.237; 
. 6.U.238.238; 6.UJ238.239; 6.U.238.154; 6.U.238.157; 6.U.238.166; 6.U.238.169; 

6.U.238.172; 6.U.238.175; 6.U.238.240; 6.U.238.244; 6.U.239.228; 6.U.239.229; 
25 6.U.239.230; 6.U.239.231; 6.U.239.236; 6.U.239.237; 6.U.239.238; 6.U-239.239; 

6.U.239.154; 6.U.239.157; 6.U.239.166; 6.U.239.169; 6.U.239.172; 6.U.239.175; 

6.U.239.240; 6.U.239.244; 6.U.154.228; 6.U.154.229; 6.U.154.230; 6.U.154.231; 

6.U.154.236; 6.U.154.237; 6.U.154.238; 6.U.154.239; 6.U.154.154; 6.U.154.157; 

6.U.154.166; 6.U.154.169; 6.U.154.172; 6.U.154.175; 6.U.154.240; 6.U.154.244; 
30 6.U.157.228; 6.U.157.229; 6.U.157.230; 6.U.157.231; 6.U.157.236; 6.U.157.237; 

6.U.157.238; 6.U.157239; 6.U.157.154; 6.U.157.157; 6.U.157.166; 6.U.157.169; 

6.U.157.172; 6.U.157.175; 6.U.157.240; 6.U.157.244; 6.U.166.228; 6.U.166.229; 

6.U.166.230; 6.U.166.231; 6.U.166.236; 6.U.166.237; 6.U.166.238; 6.U.166.239; 

6.U.166.154; 6.U.166.i57; 6.U.166.166; 6.U.166.169; 6.U.166.172; 6.U.166.175; 
35 6.U.166.240; 6.U.166.244; 6.U.169.228; 6.U.169.229; 6.U.169.230; 6.U.169.231; 

6.U.169.236; 6.U.169.237; 6.U.169.238; 6.U.169.239; 6.U.169.154; 6.U.169.157; 

6.U.169.166; 6.U.169.169; 6.U.169.172; 6.U.169.175; 6.U.169.240; 6.U.169.244; 

6.U.172.228; 6.U.172.229; 6.U.172.230; 6.U.172.231; 6.U.172.236; 6.U.172.237; 

6.U.172.238; 6.U.172.239; 6.U.172.154; 6.U.172.157; 6.U.172.166; 6.U.172.169; 
40 6.U.172.172; 6.U.172.175; 6.U.172.240; 6.U.172.244; 6.U.175.228; 6.U.175.229; 

6.U.175.230; 6.U.175231; 6.U.175.236; 6.U.175.237; 6.U.175.238; 6.U.175.239; 

6.U.175.154; 6.U.175.157; 6.U.175.166; 6.U.175.169; 6.U.175.172; 6.U.175.175; 

6.U.175.240; 6.U.175.244; 6.U.240.228; 6.U.240.229; 6.U.240.230; 6.U.240.231; 

6.U.240.236; 6.U.240.237; 6.U.240.238; 6.U.240.239; 6.U.240.154; 6.U.240.157; 
45 6.U.240.166; 6.U.240.169; 6.U.240.172; 6.U.240.175; 6.U.240.240; 6.U.240.244; 

6.U.244.228; 6.U.244.229; 6.U.244.230; 6.UJ244.231; 6.U244.236; 6.U^44.237; 
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6.U.244^; 6X12.44:239} 6.U^44154; 6.U.244.157; 6.U^44.166; 6.U.244.169; 
6.U.244.172; 6.U.244.175; 6.U.244.240; 6.U.244.244; 

Prodrugs of 6.W 

6.W.228.228; 6.WJi28.229; 6.W.228^; 6.W.228^1; 6.W.228.236; 6.W.228.237; 



6.W.228J238 
6.W.228.172 
6.W.229^0 
6.W.229.154 
10 6.W.229J240. 
6.W.230.236 
6.W.230.166 
6.W.231.228 
6.W.231.238 

15 6.W.231.172 
6.W.236.230 
6.W.236.154 
.6.W.236.240, 
6.W.237.236 

20 6.W.237.166 
6.W.238.228 
6.W.238.238 
6.W.238.172 
6.W.239.230 

25 6.W.239.154 
6.W^9^40 
6.W.154.236 
6.W.154.166, 
6.W.157.228 

30 6.W.157.238 
6.W.157.172 
6.W.166.230 
6.W.166.154 
6.W.166^40 

35 6.W.169.236 
6.W.169.166, 
6.W.172.228 
6.W.17Z238 
6.W.172.172 

40 6.W.175.230 
6.W.175.154 
6.W.175^40 
6.W.240.236 
6.W.240.166 

45 6.W.244.228 



6.WJ228.239 
6.W.228.175 
6.W^9^1 

6.W.229.157 
6.W^9.244. 

6.W.230.237 
6.W.230.169 

6,W.231.229, 
6.W.231.239, 
6.W.231.175, 
6.W^6.231 

6.W.236.157 
6.WJ236.244. 
6.W.237.237 
6.W.237.169 
6.W^.229 
6.W^38.239 
6.WJ238.175 
6.W.239.231 

6.W.239.157 
6.W^9^44 

6.W.154.237 
6.W.154.169 
6.W.157.229 
6.W.157.239 
6.W.157.175 
6.W.166.231 
6.W.166.157, 
6.W.166^44 
6.W.169.237, 

6.W.169.169 
6.W. 172^9 

6.W.172.239 

6.W.172.175 

6.W.175.231 

6.W.175.157 
6.W.175.244 

6.W.240.237 
6.W^40.169 
6.W.244.229 



6.W.228.154; 6.W^.157; 6.W228.166 
6.W^8.240; 6.W.228.244; 6.W.229.228 
6.W.229.236; 6.W.229.237; 6.W229^, 
6.W.229.166; 6.W.229.169; 6.W^9.172 
6.W230.228; 6.W.230.229; 6.W^0.230 
6.W.230^; 6.W.230.239; 6.W230.154 
6.W.230.172; 6.W.230.175; 6.W.230.240 
6.W.231^0; 6.W.231^1; 6.WJ231.236 
6.W.231.154; 6.W.231.157; 6.W.231.166 
6.W.231.240; 6.W.231.244; 6.W.236.228 
6.W.236J236; 6.W.236.237; 6.WJ236.238 
6.W.236.166; 6.W.236.169; 6.W.236.172 
6.W.237J228; 6.W.237J229; 6.W 237.230 
6.W.237.238; 6.W.237^9; 6.W.237.154 
6.WJ237.172; 6.W.237.175; 6.W.237.240 
6.W^J230; 6.W^8.231; 6.WJ238.236 
6.W.238.154; 6.W^8.157; 6.W.238.166 
6.W.238^40; 6.W.238^44; 6.W^9.228 
6.W^9.236; 6.W^9.237; 6.W.239.238 
6.W.239.166; 6.W.239.169; 6.W.239.172 
6.W.154^; 6.W.154^9; 6.W.154^ 
6.W.154.238; 6.W.154.239; 6.W.154.154^ 
6.W.154.172; 6.W.154.175; 6.W.154.240 
6.W.157.230; 6.W.157^1; 6.W.157236 
6.W.157.154; 6.W.157.157; 6.W.157.166 
6.W.157.240; 6.W.157^44; 6.W.166.228^ 
6.W.166.236; 6.W.166J237; 6.W.166.238 
6.W.166.166; 6.W.166.169; 6.W.166.172 
6.Vf. 169228; 6.W.169229; 6.W.169^ 
6.W.169.238; 6.W.169.239; 6.W.169.154 
6.W.169.172; 6.W.169.175; 6.W.169.240 
6.W.172.230; 6.W.172.231; 6.W.172.236 
6.W.172.154; 6.W.172.157; 6.W.172.166 
6.W.172^40; 6.W.172^44; 6.W.175.228 
6.W.175.236; 6.W.175.237; 6.W.175.238 
6.W.175.166; 6.W.175.169; 6.W.175.172 
6.W^40^; 6.W^40^9; 6.W.240.230 
6.W.240.238; 6.W:240.239; 6.W.240.154 
6.W.240.172; 6.W.240.175; 6.W^40.240 
6.W.244^0; 6.W^44:231; 6.W.244.236 



6.W^8.169 
6.W.229.229 
6.W.229.239 
6.W.229.175 
6.W.230.231 
6.W.230.157 
6.W.230.244, 
6.W.23i:237 
6.W.231.169, 
6.W^6.229 
6.W236239 
6.W^36.175 
6.W^7^1 

6.W.237.157 
6.W.237.244, 

6.W.238^7 
6.W.238.169 

6.W^9:229 
6.W.239^9 
6.W.239.175 
6.W.154^1 
6.W.154.157 
6.W.154.244, 
6.W.157237: 

6.W.157.169 
6.W.166.229, 

6.W.166.239 
6.W.166.175 
6.W.169^1 
6.W.169.157 
6.W.169^44, 
6M.172237 
6.W.172.169 
6.W.175^ 
6.W.175.239 
6.W.175.175. 
6.W^40^1 

6.W.240.157 
6.W.240^44. 
6.W.244^7 
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6.W.244.238; 6.W^44.239; 6.W.244.154; 6.W.244.157; 6.W^44.166; 6.W^44.169; 
6.W.244.172; 6.W.244.175; 6.W.244.240; 6.W.244.244; 

Prodrugs of 6.Y 

6.Y^.228; 6.Y.228.229; 6.Y.228.230; 6.Y.228.231; 6.Y.228.236; 6.Y.228.237; 



6.Y.228.238 
6.Y.228.172 
6.Y.229.230 
6.Y.229.154 

10 6.Y.229.240 
6.Y.230.236 
6.Y.230.166 
6.Y.231.228 
6.Y.23 1.238 

15 6.Y.231.172 
6.Y.236.230 
6.Y.236.154 
6.Y.236.240 
6.Y.237.236 

20 6.Y.237.166 
6.Y.238.228 
6.Y.238.238 
6.Y.238.172 
6.Y.239.230 

25 6.Y.239.154 
6.Y.239.240 
6.Y. 154.236 
6.Y.154.166 
6. Y. 157.228 

30 6. Y. 157.238 
6.Y.157.172 
6. Y. 166.230 
6.Y.166.154 
6. Y. 166.240 

35 6.Y. 169.236 
6.Y.169.166 
6. Y. 172.228 
6. Y. 172.238 
6.Y.172.172 

40 6.Y. 175.230 
6.Y.175.154 
6.Y. 175.240 
6.Y.240.236 
6.Y.240.166 

45 6.Y.244.228 
6.Y.244.238 
6.Y.244.172 



6.Y.228.239; 6.Y.228.154 
6.Y.228.175; 6.Y.228.240 
6.Y.229.231; 6.Y.229.236 
6.Y.229.157; 6.Y.229.166 
6.Y.229.244; 6.Y.230.228 
6.Y.230.237; 6.Y.230.238 
6.Y.230.169; 6.Y.230.172 
6.Y.231.229; 6.Y.231.230 
6.Y.231.239; 6.Y.23 1.154 
6.Y.231.175; 6.Y.23 1.240 
6.Y.236.231; 6.Y.236.236 
6.Y.236.157; 6.Y.236.166 
6.Y.236.244; 6.Y.237.228 
6.Y.237.237; 6.Y.237.238 
6.Y.237.169; 6.Y.237.172 
6.Y.238.229; 6.Y.238.230 
6.Y.238.239: 6.Y.238.154 
6.Y.238.175; 6.Y.238.240 
6.Y.239.231; 6.Y.239.236 
6.Y.239.157; 6.Y.239.166 
6.Y.239.244; 6.Y. 154.228 
6.Y.154.237; 6.Y.154.238 
6.Y.154.169; 6.Y.154.172 
6.Y.157.229; 6.Y.157.230 
6.Y.157.239; 6.Y.157.154 
6.Y.157.175; 6.Y.157.240 
6.Y.166.231; 6.Y.166.236 
6.Y.166.157; 6.Y.166.166 
6.Y. 166.244; 6.Y.169.228 
6.Y.169.237; 6.Y.169.238 
6.Y.169.169; 6.Y.169.172 
6. Y. 172.229; 6.Y. 172.230 
6. Y. 172.239; 6.Y.172.154 
6.Y.172.175; 6. Y. 172.240 
6.Y.175.231; 6.Y.175.236 
6.Y.175.157;6.Y.175.166 
6. Y. 175.244; 6.Y.240.228 
6.Y.240.237; 6.Y.240.238 
6.Y.240.169; 6.Y.240.172 
6.Y.244.229; 6.Y.244.230 
6.Y.244.239; 6.Y.244.154 
6.Y.244.175; 6.Y.244.240 



6.Y.228.157; 6.Y.228.166 
6.Y.228.244; 6.Y.229.228 
6.Y.229.237; 6.Y.229.238 
6.Y.229.169: 6.Y.229.172 
6.Y.230.229; 6.Y.230.230 
6.Y.230.239; 6.Y.230.154 
6.Y.230.175; 6.Y.230.240 
6.Y.231.231; 6.Y.231.236 
6.Y.231.157; 6.Y.231.166 
6.Y.231.244; 6.Y.236.228 
6.Y.236.237; 6.Y.236.238 
6.Y.236.169; 6.Y.236.172 
6.Y.237.229; 6.Y.237.230 
6.Y.237.239; 6.Y.237.154 
6.Y.237.175; 6.Y.237.240 
6.Y.238.231; 6.Y.238.236 
6.Y.238.157; 6.Y.238.166 
6.Y.238.244; 6.Y.239.228 
6.Y.239.237; 6.Y.239.238 
6.Y.239.169: 6.Y.239.172 
6.Y. 154.229; 6. Y. 154.230 
6. Y. 154.239; 6.Y.154.154 
6.Y.154.175; 6. Y. 154.240 
6. Y. 157.231; 6. Y. 157.236 
6.Y.157.157; 6.Y.157.166 
6. Y. 157.244; 6. Y. 166.228 
6. Y. 166.237; 6. Y. 166.238 
6.Y.166.169; 6.Y.166.172 
6. Y. 169.229; 6. Y. 169.230 
6. Y. 169.239; 6.Y.169.154 
6.Y.169.175; 6.Y.169.240 
6.Y.172.231; 6.Y.172.236 
6.Y.172.157; 6.Y.172.166 
6. Y. 172.244; 6. Y. 175.228 
6. Y. 175.237; 6.Y. 175.238 
6.Y.175.169; 6.Y.175.172 
6.Y.240.229; 6.Y.240.230 
6.Y.240.239; 6.Y.240.154 
6.Y.240.175; 6.Y.24O.240 
6.Y.244.231; 6.Y.244.236 
6.Y.244.157; 6.Y.244.166 
6.Y.244.244; 



6.Y.228.169 

6.Y.229.229 

6.Y.229.239 

6.Y.229.175 

6.Y.230.231 

6.Y.230.157 

6.Y.230.244 

6.Y.23 1.237 

6.Y.231.169 

6.Y.236.229 

6.Y.236.239 

6.Y.236.175 

6.Y.237.231 

6.Y.237.157 

6.Y.237.244 

6.Y.238.237 

6.Y.238.169 

6.Y.239.229 

6.Y.239.239 

6.Y.239.175 

6. Y. 154.231 

6.Y.154.157 

6. Y. 154.244 

6. Y. 157.237 

6.Y.157.169 

6.Y.166.229 

6. Y. 166.239 

6.Y.166.175 

6.Y.169.231 

6.Y.169.157 

6. Y. 169.244 

6. Y. 172.237 

6.Y.172.169 

6.Y. 175.229 

6. Y. 175.239 

6.Y.175.175 

6.Y.240.231 

6.Y.240.157 

6.Y.240.244 

6.Y.244.237 

6.Y.244.169 



- 165 - 



* 



wo 03/090690 PCT/US03/12901 

> 



Prodrugs of 7J^ 

7J^.4.157; 7Jm.4.158; 7JVH.4.196; 7j\H.4.223; 7.AH.4.240; 7.AIL4.244; 7^^.4.243; 

7.AH.4.247; 7.AH.5.157; 7.AH.5.158; l.AS..5.\96\ 7.AH.5.223; 7.AH.5.240; 7^.5.244; 

7J^5^3; 7J^.5.247; 7j\H.7.157; 7.AH.7.158; 7JML7.196; 7J^7^23; 7^.7^40; 
5 7.AH.7.244; 7.AH.7.243; lJJii.7.2Al; 7.AH.15.157; 7.AH.15.158; 7.AH.15.196; 

7j^H.15.223; 7J^15.240; 7.AH.15.244; 7.AH.15.243; 7.AH.15.247; 7.AH.16.157; 

7.AH.16.158; 7.AH.16.196; 7.AH.16.223; 7.AH.16^; 7.AH.16.244; 7.AH.16.243; 

7.AH.16.247; 7.AH.18.157; 7.AH.18.158; 7.AH.18.196; 7.AH.18.223; 7.AH.18.240; 

7^01.18.244; 7.AH.18.243; 7J\H.18.247; 7.AH.26.157; 7.AH.26.158; 7.AH.26.196; 
10 7.AH.26.223; 7 j\H.26.240; 7;AH.26.244; 7.AH.26.243; 7.AH.26.247; 7.AH.27. 157; 

7Jm.27.158; 7.AH.27.196; 7Jm.27.223; 7.AH.27.240; 7.AH.27.244; 7.AH.27.243; 

7.AH.27.247; 7.AH.29.157; 7.AH.29.158; 7.AH.29.196; 7.AH.29.223; 7j\H.29.240; 

7.AH.29.244; 7.AH.29.243; 7.AH.29.247; 7.AH.54.157; 7.AH.54.158; 7.AH.54.196; 

7.AH.54.223; 7.AH.54.240; 7 J\H.54.244; 7.AH.54.243; 7.AH.54.247; 7.AH.55.157; 
15 7.AH.55.158; 7.AH.55.196; 7.AH.55.223; 7.AH.55.240; 7.AH.55.244; 7.AH.55.243; 

7JVH.55.247; 7.AH.56.157; 7^^.56.158; 7.AH.56.196; 7j\H.56.223; 7.AH.56.240; 

7.AH.56.244; 7.AH.56.243; 7.AH.56.247; 7.AH.157.157; 7.AH.157.158; 7.AH.157.196; 

7.AH.157.223; 7j\H.157.240; 7.AH.157.244; 7.AH.157.243; 7.AH.157.247; 7.AH.196.157; 

7Jm.196.158; 7.Aai96.196; 7Jm.196.223; 7 j\H. 196.240; 7Jm.196.244; 7.AH.196.243; 
20 7.AH.196.247; 7.AH.223.157; 7Jm.223.158; 7.AH.223.196; 7.AH.223.223; 7.AH.223.240; 

7Jm.223.244; 7jm.223.243; 7jm.223.247; 7.AH.240.157; 7jm240.158; 7.AH.240.196; 

7.AH.240.223; 7.AH.240.240; 7.AH.240.244; 7.AH.240.243; 7.AH.240.247; 7.AH.244.157; 

7Jm.244.158; 7.AH.244.196; 7.AH.244.223; 7.AH.244.240; 7.AH.244.244; 7.AH.244.243; 

7.AH.244.247; 7Jm.247.157; 7Jm.247.158; 7jm.247.196; 7jm.247.223; 7.AH.247.240; 
25 7.AH.247.244; 7.AH.247.243; 7.AH.247.247; 

Prodrugs of 7. AT 

7AF.4.157; 7.AJ.4.158; 7.AJ.4.196; 7.AJ.4.223; 7.AJ.4.240; 7.AJ.4.244; 7.AJ.4.243; 

7JU.4.247; 7.AJ.5.157; 7.AJ.5.158; 7.AJ.5.196; 7.AJ.5.223; 7.Ar.5.240; 7.AJ.5.244; 
30 7.AJ.5.243; 7.AJ.5.247; 7.AJ.7.157; 7.AJ.7.158; 7.AJ.7.196; 7.AJ.7.223; 7.AJ.7.240; 

7.AJ.7.244; 7JU.7.243; 7.AJ.7.247; 7 JU.i5.157; 7.AJ.15.158; 7.AJ.15.196; 7.AJ.15.223; 

7.AJ.15.240; 7.AJ.15.244; 7.AJ.15.243; 7.AJ.15.247; 7.AJ.16.157; 7.AJ.16.158; 7.AJ.16.196; 

7.AJ.16.223; 7.AJ.16.240; 7.AJ.16.244; 7.AJ.16.243; 7.AJ.16.247; 7.AJ.18.157; 7.AJ.18.158: 

7.AJ.18.196; 7.AJ.18.223; 7.AJ.18.240; 7Ar.l8.244; 7 JU.18.243; 7.AJ.18.247; 7.AJ.26.157; 
35 7.AJ.26.158; 7.AJ.26.196; 7.AJ.26.223; 7.AJ.26.240; 7.AJ.26.244; 7.AJ.26.243; 7jU.26.247 

7.AJ.27.157; 7.AJ.27.158; 7.AJ.27.196; 7JU.27.223; 7jU.27.240; 7.AJ.27.244; 7.AJ.27.243 

7.AJ.27.247; 7.AJ.29.157; 7.AJ.29.158; 7.AJ.29.196; 7.AJ.29.223; 7.AJ.29.240; 7.AJ.29.244 

7.AJ.29.243; 7.AJ.29.247; 7.AJ.54.157; 7.AJ.54.158; 7.AJ.54.196; 7.AJ.54.223; 7.AJ.54.240 

7Ar.54.244; 7.AJ.54.243; 7.AJ.54.247; 7.AJ.55.157; 7AJ.55.158; 7.AJ.55.196; 7.AJ.55.223 
40 7.AJ.55.240; 7.AJ.55.244; 7.AJ.55.243; 7.AJ.55.247; 7.AJ.56.157; 7.AJ.56.158; 7.AJ.56.196 

7.AJ.56.223; 7.AJ.56.240; 7.AJ.56.244; 7AI.56.243; 7.AJ.56.247; 7JU.157.157; 

7JU.157.158; 7.AJ.157.196; 7.AJ.157.223; 7.AJ.157.240; 7.AJ.157.244; 7Ar.157.243; 

7Ar.157.247; 7.AJ.196.157; 7.AJ.196.158; 7.AJ.196.196; 7.AJ.196.223; 7.AJ.196.240; 

7.AJ.196.244; 7JU.196.243; 7.AJ.196.247; 7.AJ.223.157; 7JU.223.158; 7JU.223.196; 
45 7Ar.223.223; 7.AJ.223.240; 7.AJ.223.244; 7.AJ.223.243; 7.Ar.223.247; 7.AJ.240.157; 

7AF.240.158; 7JU.240.196; 7.Ar.240.223; 7Ar.240.240; 7.Ar.240.244; 7.AJ.240.243; 

7.AJ.240.247; 7.AJ.244.157; 7.AJ.244.158; 7.AJ.244.196; 7.AF.244.223; 7jU.244.240; 
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7Ar.244.244; 7.AJ.244.243; 7.AJ.244.247; 7.AJ.247.157; 7 AF.247.158; 7AJ.247.196; 
7Ar.247.223; 7AJ.247.240; 7.Ar.247.244; 7AJ.247.243; 7 Ar.247.247; 

Prodrugs of 7 AN 

7.AN.4.157; 7.AN.4.158; 7AN.4.196; 7.AN.4.223; 7.AN.4.240; 7.AN.4.244; 7.AN.4.243; 
7^^.4.247; 7.AN.5.157; 7.AN.5.158; 7AN.5.196; 7 j\N.5.223; 7AN.5.240; 7.AN.5.244; 
7.AN.5.243; 7.AN.5.247; 7.AN.7.157; 7.AN.7.158; 7.AN.7.196; 7.AN.7.223; 7.AN.7.240; 
7.AN.7.244; 7.AN.7.243; 7.AN.7.247; 7.AN.15.157; 7.AN.15.158; 7AN.15.196; 



7AN.15.240; 7.AN.15.244; 7.AN.15.243; 7.AN.15.247; 7AN.16.157 
10 7.AN.16.158; 7.AN.16.196; 7.AN.16.223; 7.AN.16.240; 7.AN.16.244; 7.AN.16.243 

7AN.18.157; 7.AN.18.158; 7AN.18.196; 7.AN.18.223; 7AN.18.240 
7.AN.18.243; 7.AN.18.247; 7.AN.26.157; 7.AN.26.158; 7.AN.26.196 
7AN.26.240; 7.AN.26.244; 7.AN.26.243; 7.AN.26.247; 7AN.27.157 
7 AN.27.196; 7.AN.27.223; 7.AN.27.240; 7.AN.27.244; 7AN.27.243 
7.AN.29.157; 7AN.29.158; 7.AN.29.196; 7.AN.29.223; 7.AN.29.240 
7.AN.29.243; 7.AN.29.247; 7AN.54.157; 7.AN.54.158; 7.AN.54.196 
7.AN.54.240; 7.AN.54.244; 7.AN.54.243; 7.AN.54.247; 7.AN.55.157 
7.AN.55.196; 7.AN.55.223; 7.AN.55.240; 7.AN.55.244; 7.AN.55.243 
7AN.56.157; 7.AN.56.158; 7.AN.56.196; 7.AN.56.223; 7.AN.56.240 
20 7.AN.56.244; 7.AN.56.243; 7.AN.56.247; 7.AN.157.157; 7.AN.157.158; 7.AN.157.196; 
7AN.157.223; 7.AN.157.240; 7.AN.157.244; 7AN.157.243; 7AN.157.247; 7.AN.196.157 
7.AN.196.158; 7AN.196.196; 7.AN.196.223; 7.AN.196.240; 7.AN.196.244; 7.AN.196.243 
7AN.196.247; 7.AN.223.157; 7.AN.223.158; 7AN.223.196; 7.AN.223.223; 7AN.223.240 
7AN.223.244; 7.AN.223.243; 7.AN.223.247; 7.AN.240.157; 7.AN.240.158; 7.AN.240.196 
25 7.AN.240.223; 7.AN.240.240; 7.AN.240.244; 7.AN.240.243; 7.AN.240.247; 7AN.244.157 
7.AN.244.158; 7AN.244.196; 7.AN.244.223; 7AN.244.240; 7.AN.244.244; 7AN.244.243 
7.AN.244.247; 7.AN.247.157; 7.AN.247.158; 7.AN.247.196; 7.AN.247.223; 7AN.247.240 
7.AN.247.244; 7.AN.247.243; 7.AN.247.247; 



7.AN.15.223 
7.AN.16.158 
7AN.16.247 
7.AN.18.244 
7AN.26.223 
7AN.27.158 
7.AN.27.247 
7.AN.29.244 
7.AN.54.223 
7AN.55.158 
7^.55.247 
7.AN.56.244 



30 



35 



40 



45 



Prodrugs of 7.AP 

7AP.4.157; 7.AP.4.158; 7.AP.4.196; 7.AP.4.223; 7.AP.4.240; 7.AP.4.244; 7.AP.4.243; 
7.AP.4.247; 7.AP.5.157; 7.AP.5.158; 7.AP.5.196; 7.AP.5.223; 7.AP.5.240; 7.AP.5.244; 
7AP.5.243; 7.AP.5.247; 7AP.7.157; 7AP.7.158; 7.AP.7.196; 7.AP.7.223; 7AP.7.240; 
7.AP.7.244; 7.AP.7.243; 7.AP.7.247; 7.AP.15.157; 7.AP.15.158; 7.AP.15.196; 7.AP.15.223; 



7.AP.15.240 
7AP.16.196 
7.AP.18.157 
7.AP.18.243 
7.AP.26.240 
7.AP.27.196 
7AP.29.157 
7.AP.29.243 
7AP.54.240 
7.AP.55.196 
7.AP.56.157 
7AP.56.243 



7.AP. 15.244 
7.AP. 16.223 
7.AP.18.158 
7.AP.18.247 
7.AP.26.244 
7.AP.27.223 
7.AP.29.158 
7.AP.29.247 
7.AP.54.244 
7.AP.55.223 
7.AP.56.158 
7.AP.56.247 



7.AP,15.243 
7 AP. 16.240 
7.AP.18.196 
7.AP.26.157 
7.AP.26.243 
7.AP.27.240 
7.AP.29.196 
7.AP.54.157 
7.AP.54.243 
7.AP.55.24a 
7.AP.56.196 



7AP. 15.247; 7.AP. 16. 157; 7AP.16.158 
7AP.16.244; 7AP.16.243; 7.AP.16.247 
7.AP.18.223; 7.AP.18.240; 7AP.18.244 
7AP.26.158; 7AP.26.196; 7.AP.26.223 
7.AP.26.247; 7.AP.27.157; 7.AP.27.158 
7.AP.27.244; 7.AP.27.243; 7AP.27.247 
7.AP.29.223; 7AP.29.240; 7 AP.29.244 
7.AP.54.158; 7.AP.54.196; 7AP.54.223 
7.AP.54.247; 7AP.55.157; 7AP.55.158 
7.AP.55.244; 7.AP.55.243; 7.AP.55.247 



; 7.AP.56.223; 7.AP.56.240; 7.AP.56.244; 
7.AP.157.157; 7.AP.157.158; 7AP.157.196; 7AP.157.223; 
7.AP.157.240; 7.AP.157.244; 7.AP.157.243; 7.AP.157.247; 7.AP.196.157; 7AP.196.158; 
7AP.196.196; 7AP.196.223; 7.AP. 196.240; 7.AP.196.244; 7.AP.196.243; 7AP.196.247; 
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7.AP.223.157; 7j\P.223.158; 7j\P.223.196; 7.AP.223.223; 7^^.223.240; 7J^.223.244; 
7.AP.223.243; 7.AP.223.247; 7j\P.240.157; 7.AP.240.158; 7^^.240.196; 7.AP.240.223; 
7.AP.240.240; 7.AP.240.244; 7.AP.240.243; 7.AP.240.247; 7.AP.244.157; 7J^.244.158; 
7.AP.244.196; 7j\P.244.223; 7.AP.244.240; 7.AP.244.244; 7.AP.244.243; 7j\P.244.247; 
5 7.AP.247.157; 7.AP.247.158; 7.AP:247:i96; 7.AP.247.223; 7.AP.247.240; 7j\P.247.244; 
7.AP.247.243; 7j\P.247.247; 

Prodrugs of 7 AZ 

7.AZ.4.157; 7j\Z.4.158; 7.AZ.4.196; 7.AZ.4.223; 7.AZ.4.240; 7J^4.244; 7.AZ.4.243; 
10 7.AZ.4.247; 7.AZ.5.157; 7.AZ.5.158; 7.AZ.5. 196; 7.AZ.5.223; 7.AZ.5.240; 7.AZ.5.244; 

7.AZ.5.243; 7AZ.5.247; 7JVZ.7.157; 7j\Z.7.158; 7.A2:.7.196; 7.AZ.7.223; 7.AZ.7.240; 

7.AZ.7.244; 7.AZ.7.243; 7.AZ.7.247; 7.AZ.15.157; 7.AZ.15.158; 7.AZ.15.196; 7.AZ.15.223; 

7.AZ.15.240; 7AZ.15.2A4; 7J^15.243; 7.AZ.15.247; 7AZ.16.157; 7.AZ.16.158; 

7.AZ.16.196; 7.AZ.16.223; 7.AZ.16.240; 7.AZ.16.244; 7.AZ.16.243; 7.AZ.16.247; 
15 7.AZ.18.157; 7J\Z.18.158; 7.AZ.18.196; 7.AZ.18.223; 7.AZ.18.240; 7J^.18.244; 

7J^Z.18.243; 7.AZ.18.247; 7.AZ26.157; 7.AZ.26.158; 7^^.26.196; 7AZ.26.223; 

7.AZ.26.240; 7.AZ.26.244; 7.AZ.26.243; 7.AZ.26.247; 7.AZ.27.157; 7.AZ.27.158; 

7.AZ.27.196; 7AZ.27.223; 7.AZ.27.240; 7.AZ.27.244; 7JVZ.27.243; 7.AZ.27.247; 

7.AZ.29.157; 7.AZ.29.158; 7.AZ.29.196; 7.AZ.29.223; 7.AZ.29.240; 7.AZ.29.244; 
20 7.AZ.29.243; 7.AZ.29.247; 7.AZ.54.157; 7.AZ.54.158; 7j\Z.54.196; 7.AZ.54.223; 

7.AZ.54.240; 7j\Z.54.244; 7.AZ.54.243; 7.AZ.54.247; 7J^.55.157; 7.AZ.55.158; 

7.AZ.55.196; 7.AZ.55.223; 7.AZ.55.240; 7.AZ.55.244; 7.AZ.55.243; 7.AZ.55.247; 

7.AZ.56.157; 7j\Z.56.158; 7JVZ.56.196; 7.AZ.56.223; 7jVZ.56.240; 7.AZ.56.244; 

7.AZ.56.243; 7.AZ.56.247; 7.AZ.157.157; 7.AZ.157.158; 7.AZ.157.196; 7.AZ.157.223; 
25 7.AZ.157.240; 7.AZ.157.244; 7.AZ. 157.243; 7.AZ.157.247; 7.AZ.196.157; 7.AZ.196.158; 

7.AZ.196.196; 7.AZ.196.223; 7JVZ.196.240; 7.AZ.196.244; 7.AZ.196.243; 7JVZ.196.247; 

7.AZ.223.157; 7.AZ.223.158; 7.AZ.223.196; 7.AZ.223.223; 7.AZ.223.240; 7.AZ.223.244; 

7JVZ.223.243; 7.AZ.223.247; 7.AZ.240.157; 7.AZ.240.158; 7.AZ.240.196; 7JVZ.240.223; 

7.AZ.240.240; 7JVZ.240.244; 7.AZ.240.243; 7.AZ.240.247; 7.AZ.244.157; 7.AZ.244.158; 
30 7.AZ.244.196; 7.AZ.244.223; 7.AZ.244.240; 7JVZ.244.244; 7.AZ.244.243; 7.AZ.244.247; 

7.AZ.247.157; 7.AZ.247.158; 7.AZ.247.196; 7.AZ.247.223; 7.AZ.247.240; 7.AZ.247.244; 

7.AZ.247.243; 7 JVZ.247.247; 

Prodrugs of 7.BP 

35 7.BF.4.157; 7.BF.4.158; 7JBF.4.196; 7J8F.4.223; 7.BF.4.240; 7J8F.4.244; 7.BF.4.243; 

7BF.4.247; 73F.5.157; 7.BF.5.158; 7.BF.5.196; 73F.5.223; 7JBF.5.240; 73F.5.244; 

7.BF.5.243; 73F.5.247; 7.BF.7.157; 7.BF.7.158; 7.BF.7.196; 7.BF.7.223; 7.BF.7.240; 

73F.7.244; 7.BF.7.243; 7.BF.7.247; 7JBF.15.157; 73F.15.158; 7.BF.15.196; 7.BF.15.223; 

7.BF.15.240; 7.BF.15.244; 7.BF.i5.243; 7.BF.15.247; 7.BF.16.157; 7.BF.16.158; 
40 7.BF.16.196; 7.BF.16.223; 7.BF.16.240; 7.BF.16.244; 7.BF.16.243; 7.BF.16.247; 

7.BF.18.157; 7.BF.18.158; 7.BF.18.196; 7.BF.18.223; 7.BF.18.240; 7.BF.18.244; 

7.BR18.243; 7.BF. 18.247; 7.BF.26.157; 7.BF.26.158; 7.BF.26.196; 7.BR26.223; 

7.BF.26.240; 7.BF.26.244; 7.BR26.243; 7.BF.26.247; 7.BF.27.157; 7.BF.27.158; 

7.BF.27.196; 7.BF.27.223; 7.BF.27.240; 7.BF.27.244; 7.BF.27.243; 7.BF.27.247; 
45 7.BF.29.157; 7JBF.29.158; 7.BF.29.196; 7.BF.29.223; 7.BF.29^; 73F.29.244; 

7.BF.29.243; 7.BF.29.247; 7.BR54.157; 7.BF.54.158; 7.BF.54.196; 7.BR54.223; 

7.BF.54.240; 7.BF.54.244; 7.BR54.243; 7.BR54.247; 7.BF.55.157; 73R55.158; 

7.BF.55.196; 7JBR55.223; 7.BR55.240; 7.BF.55.244; 73R55^3; 73R55.247; 
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7.BR56.157; 7.BF.56.158; 7.BF.56.196; 7.BF.56.223; 7.BF.56.240; 7.BF.56.244; 
73F.56.243; 7.BF.56.247; 7.BF.157.157; 73F.157.158; 7.BF.157.196; 7.BF.157.223; 
7.BF.157.240; 7.BF.157.244; 7JBF.157.243; 7.BF.157.247; 7.BF.196.157; 7.BF.196.158; 
7.BF.196.196; 7.BF. 196.223; 7.BF. 196.240; 7.BR 196.244; 7.BF. 196.243; 7.BF. 196.247; 
5 7.BF.223.157; 7.BF.223.158; 7.BF.223.196; 7.BF.223.223; 7.BF.223.240; 7.BF.223.244; 
73F.223.243; 73F.223.247; 7.BF.240.157; 7.BF.240.158; 7.BF.240.196; 7.BF.240.223; 
7.BF.240.240; 7.BF.240.244; 7.BF.240.243; 7.BF.240.247; 7.BF.244.157; 7.BF.244.158; 
7.BF.244.196; 7.BF.244.223; 7.BF.244.240; 7.BF.244.244; 7.BF.244.243; 7.BF.244.247; 
7.BF.247.157; 7.BF.247.158; 7.BF.247.196; 7.BF.247.223; 7.BF.247.240; 7.BR247.244; 
10 7.BF.247.243; 7.BF.247.247; 

Prodrugs of 7.CI 

7.CL4.157; 7.0.4.158; 7.a.4.196; 7.0.4.223; 7.C3.4.240; 7.0.4.244; 7.0.4.243; 

7.0.4.247; 7.0.5.157; 7.05.158; 7.0.5.196; 7.0.5.223; 7.O5.240; 7.05.244; 
15 7.0.5.243; 7.0.5.247; 7.0.7.157; 7.0.7.158; 7.0.7.196; 7.07.223; 7.O.7.240; 

7.0.7.244; 7.0.7.243; 7.0.7.247; 7.0.15.157; 7.0.15.158; 7.0.15.196; 7.0.15.223; 

7.O.15.240; 7.0.15.244; 7.0.15.243; 7.015.247; 7.0.16.157; 7.016.158; 7.016.196; 

7.0.16.223; 7.O.16.240; 7.0.16.244; 7.016.243; 7.0.16.247; 7.018.157; 7.018.158; 

7.0.18.196; 7.0.18.223; 7.O.18.240; 7.0.18.244; 7.018.243; 7.018.247; 7.026.157; 
20 7.0.26.158; 7.0.26.196; 7.0.26.223; 7.O26.240; 7.026.244; 7.026.243; 7.0.26.247; 

7.0.27.157; 7.0.27.158; 7.0.27.196; 7.0.27.223; 7.O27.240; 7.027.244; 7.027.243; 

7.0.27.247; 7.0.29.157; 7.0.29.158; 7.0.29.196; 7.0.29.223; 7.O.29.240; 7.029.244; 

7.0.29.243; 7.0.29.247; 7.0.54.157; 7.0.54.158; 7.054.196; 7.054.223; 7.O.54.240; 

7.0.54.244; 7.0.54.243; 7.0.54.247; 7.0.55.157; 7.0.55.158; 7.055.196; 7.0.55.223; 
25 7.O.55.240; 7.0.55.244; 7.0.55.243; 7.0.55.247; 7.0.56.157; 7.056.158; 7.056.196; 

7.0.56.223; 7.0.56.240; 7.0.56.244; 7.0.56.243; 7.0.56.247; 7.0.157.157; 

7.0.157.158; 7.0.157.196; 7.0.157.223; 7.O.157.240; 7.0157.244; 7.0.157.243; 

7.0.157.247; 7.0.196.157; 7.0.196.158; 7.0.196.196; 7.0196.223; 7.O196.240; 

7.0.196.244; 7.0.196.243; 7.0.196.247; 7.0.223.157; 7.0223.158; 7.0.223.196; 
30 7.0.223.223; 7.O.223.240; 7.0.223.244; 7.0.223.243; 7.0223.247; 7.O.240.157; 

7.O.240.158; 7.O.240.196; 7.O.240.223; 7.O.240.240; 7.O.240.244; 7.O.240.243; 

7.O.240.247; 7.0.244.157; 7.0.244.158; 7.0.244.196; 7.0.244.223; 7.O.244.240; 

7.0.244.244; 7.0.244.243; 7.0244.247; 7.0.247.157; 7.0247.158; 7.0.247.196; 

7.0.247.223; 7.O247.240; 7.0247.244; 7.0.247.243; 7.0247.247; 

35 

Prodrugs of 7.CO 

7.C0.4.157; 7.C0.4.158; 7.C0.4.196; 7.C0.4.223; 7.CO.4.240; 7.C0.4.244; 7.C0.4.243; 

7.C0.4.247; 7.C0.5.157; 7.C0.5.158; 7.C0.5.196; 7.C0.5.223; 7.CO.5.240; 7.C0.5.244; 

7.C0.5.243; 7.C0.5.247; 7.C0.7.157; 7.C0.7.158; 7.C0.7.196; 7.C0.7.223; 7.CO.7.240; 
40 7.C0.7.244; 7.C0.7.243; 7.C0.7.247; 7.C0.15.157; 7.C0.15.158; 7.C0.15.196; 

7.C0.15.223; 7.CO.15.240; 7.C0.15.244; 7.C0.15.243; 7.C0.15.247; 7.C0.16.157; 

7.C0.16.158; 7.C0.16.196; 7.C0.16.223; 7.CO.16.240; 7.C0.16.244; 7.C0.16.243; 

7.C0.16.247; 7.C0.18.157; 7.C0.18.158; 7.C0.18.196; 7.C0.18.223; 7.CO.18.240; 

7.C0.18.244; 7.C0.18.243; 7.C0.18.247; 7.C0.26.157; 7.C0.26.158; 7.C0.26.196; 
45 7.C0.26.223; 7.CO.26.240; 7.C0.26.244; 7.C0.26.243; 7.C0.26.247; 7.C0.27.157; 

7.C0.27.158; 7.C0.27.196; 7.C0.27.223; 7.CO.27.240; 7.C0.27.244; 7.C0.27.243; 

7.C0.27.247; 7.C0.29.157; 7.C0.29.158; 7.C0.29.196; 7.C0.29.223; 7.CO.29.240; 

7.C0.29.244; 7.C0.29.243; 7.CX).29.247; 7.C0.54.157; 7.C0.54.158; 7.C0.54.196; 
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10 



15 



20 



25 



30 



35 



40 



45 



7.C0.54.223; 7.C0.54^; 7.C0.54.244; 7.C0.54.243; 7.C0.54^7; 7.C0.55.157 
7.C0.55.158; 7.C0.55.196; 7.C0.55.223; 7.CO.55.240; 7.C0.55.244; 7.C0.55.243 
7.C0.55.247; 7.C0.56.157; 7.C0.56.158; 7.C0.56.196; 7.C0.56.223; 7.CO.56.240 
7.C0.56.244; 7.C0.56.243; 7.C0.56.247; 7.C0.157.157; 7.C0.157.158; 7.C0.157.196; 
7.C0.157.223; 7.CO.157.240; 7.C0.157.244; 7.C0.157.243; 7.C0.157.247; 7.C0.196.157 
7.CO,196.I58; 7.C0.196.196; 7.C0.196.223; 7.CO.196.240; 7.C0.196.244; 7.C0.196.243 
7.C0.196.247; 7.C0.223.157; 7.C0.223.158; 7.C0.223.196; 7.C0.223.223; 7.CO.223.240 
7.C0.223.244; 7.C0.223.243; 7.C0.223.247; 7.CO.240.157; 7.CO.240.158; 7.CO.240.196 
7.CO.240.223; 7.CO.240.240; 7.CO.240.244; 7.CO.240.243; 7.CO.240.247; 7.C0.244.157 
7.C0.244.158; 7.C0.244.196; 7.C0.244.223; 7.CO.244.240; 7.C0.244.244; 7.C0.244.243 
7.C0.244.247; 7.C0.4.157; 7.C0.4.158; 7.C0.4.196; 7.<X).4.223; 7.GO.4.240; 7.CX).4.244 

7. C0.4.243; 7.C0.4.247; 

Prodrugs of 8.AH 

8.AH.4.157; 8j\H.4.158; 8.AH.4.196; 8JSfl.4.223; 8.AK4.240; 8J^4.244; 8^4.243; 

8. AH.4.247; 8.AH.5.157; 8.AH.5.158; 8.AH.5.196; 8.AH.5.223; 8.AH.5.240; 8.AH.5.244; 
8.AH.5.243; 8.AH.5.247; 8j\H.7.157; 8.AH.7.158; 8.AH.7.196; 8.AH.7.223; 8.AH.7.240; 
8.AH.7.244; 8J\H.7.243; 8.AH.7.247; 8J^.15.157; 8jVH.15.158; 8.AH.15.196; 



8.AH. 15.223 
8.AH.16.158 
8.AH. 16.247 
8.AH. 18.244 
8.AH.26.223 
8.AH.27.158 
8.AH.27.247 
8.AH.29.244 
8.AH.54.223 
8.AH.55.158 
8.AH.55.247 
8.AH.56.244 



8.AH. 15.240; 8.AK 15.244; 8.AH. 15.243 
8.AH.16.196; 8.AH.16.223; 8.AH.16.240 
8.AH.18.157; 8.AH.18.158; 8.AH.18.196 
8.AH.18.243; 8.AH.18.247; 8.AH.26.157 
8.AH.26.240; 8.AH.26.244; 8.AH.26.243 
8.AH.27.196; 8.AH.27.223; 8.AH.27.240 
8.AH.29.157; 8.AH.29.158; 8.AH.29.196 
8.AH.29.243; 8.AH.29.247; 8.AH.54.157 
8.AH.54.240; 8.AH.54.244; 8.AH.54.243 
8.AH.55.196; 8.AH.55.223; 8.AH.55.240 



8.AH. 15.247 
8.AH.16.244 
8.AH. 18.223 
8.AH.26.158 
8.AH.26.247 
8.AH.27.244 
8.AH.29.223 
8.AH,54.158 
8.AH.54.247 
8.AH.55.244 
8.AH.56.223 



8.AH.16.157 
8.AH.16.243 
8.AH. 18.240 
8.AH.26.196 
8J^.27.157 
8.AH.27.243 
8.AH.29.240 
8.AH.54. 196 
8.AH.55. 157 
8.AH.55.243 
8.AH.56.240 



8.AH.56.157; 8.AH.56.158; 8.AH.56.196 

8.AH.56.243; 8.AH.56.247; 8.AH.157.157; 8.AH.157.158; 8.AH.157.196; 
8,AH.157.223; 8.AH. 157.240; 8.AH.157.244; 8.AH.157.243; 8.AH.157.247; 8.AH.196.157 
8AH.196.158; 8.AH.196.196; 8.AH.196.223; 8.AH.196.240; 8.AH.196.244; 8.AH.196.243 
8.AH. 196.247; 8.AH.223.157; 8.AH.223. 158; 8.AH.223.196; 8j\H.223.223; 8.AH.223.240 
8.AH.223.244; 8.AH.223.243; 8.AH.223.247; 8.AH.240.157; 8.AH.240.158; 8.AH.240.196 
8.AH.240.223; 8.AH.240.240; 8 JVH.240.244; 8.AHL240.243; 8.AH.240.247; 8.AH.244.157 
8.AH.244.158; 8j\H.244.196; 8j\H.244.223; 8J^.244.240; 8.AH.244.244; 8.AH.244.243 
8.AH.244.247; 8.AH.247.157; 8.AH.247.158; 8.AH:247. 196; 8jm.247.223; 8j^.247.240 
8.AH.247.244; 8.AH.247.243; 8^^.247 247; 

Prodrugs of 8JJ 

8.AJ.4.157; 8.AJ.4.158; 8.AJ.4.196; 8.AJ.4.223; 8.AJ.4.240; 8.AJ.4.244; 8.AJ.4.243; 
8.AJ.4.247; 8j\J.5.157; 8.AJ.5.158; 8.AJ.5.196; 8.AJ.5.223; 8.AJ.5.240; SJJ.5.2M; 
8.AJ.5.243; 8.AJ.5.247; 8.AJ.7.157; 8.AJ.7.158; 8.AJ.7.196; 8.AJ.7.223; 8.AJ.7.240; 
8.AJ.7.244; 8.AJ.7.243; 8.AJ.7.247; 8.AJ.15.157; 8.AJ.15.158; 8Ar.l5.196; 8.AJ.15.223; 
8.AJ.15.240; 8JU.15.244; 8.AJ.15.243; 8.AJ.15.247; 8JU.16.157; 8.AJ.16.158; 8JU.16.196; 
8JU.16.223; 8.AJ.16.240; 8.AJ.16.244; 8.AJ.16.243; 8.AJ.16.247; 8.AJ.18.157; 8.AJ.18.158; 
8.AJ.18.196; 8.AJ.18.223; 8.AJ.18.240; 8JU.18.244; 8.AJ.18.243; 8.AJ.18.247; 8.AJ.26.157; 
8.AJ.26.158; 8jU.26.196; 8.AJ.26.223; 8Ar.26.240; 8JU.26.244; 8.AJ.26.243; 8.AJ.26.247; 
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8.AJ.27,157; 8.AJ.27.158; 8JVJ.27.196; 8.AF.27.223; 8.AJ.27.240; 8jU.27.244; 8jU.27.243; 
8.AJ.27.247; 8.AJ.29.157; 8.AJ.29.158; 8.AJ.29.196; 8.AJ.29.223; 8JVJ.29.240; 8.AJ.29.244; 
8.AJ.29.243; 8.AJ.29.247; 8.AJ.54.157; 8.AJ.54.158; 8.AJ.54.196; 8JU.54.223; 8.AJ.54.240; 
8.AJ.54.244; 8.AJ.54.243; 8 JU.54.247; 8.AJ.55.157; 8.AJ.55.158; 8JU.55.196; 8JU.55.223; 
5 8.AJ.55.240; 8.AJ.55.244; 8.AJ.55.243; 8.AJ.55.247; 8.AJ.56.157; 8jU.56.158; 8jU.56.196; 
8.AJ.56.223; 8.AJ.56.240; 8.AJ.56.244; 8.AJ.56.243; 8.AJ.56.247; 8JU.157.157; 
8.AJ.157.158; 8.AJ.157.196; 8.AJ.157.223; 8.AJ.157.240; 8.AJ.157.244; 8.AJ.157.243; 
8.AJ.157.247; 8jU.196.157; 8.AJ.196.158; 8.AJ;196.196; 8.AJ.196.223; 8JU.196.240; 
8.AJ. 196.244; 8 AF. 196.243; 8.AJ. 196.247; 8.AJ.223.157; 8.AJ.223.158; 8JU.223.196; 
10 8.AJ.223.223; 8.AJ.223.240; 8.AJ.223.244; 8.AJ.223.243; 8.AJ.223.247; 8.AJ.240. 157; 
8.AJ.240.158; 8Ar.240.196; 8.AJ.240.223; 8.AJ.240.240; 8.AJ.240.244; 8JU.240.243; 
8.AJ.240.247; 8.AJ.244.157; 8.AJ.244.158; 8.AJ.244.196; 8.AJ.244.223; 8.AJ.244.240; 
8JU.244.244; 8JU.244.243; 8JU.244.247; 8jU.247.157; 8.AJ.247.158; 8AJ.247.196; 
8 JU.247.223; 8 JU.247.240; 8JU.247.244; 8 JU.247.243; 8jU.247.247; 

15 

Prodrugs of 8.AN 

8.AN.4.157; 8.AN.4.158'; 8.AN.4.196; 8.AN.4.223; 8.AN.4.240; 8.AN.4.244; 8.AN.4.243; 

8jW.4.247; 8.AN.5.157; 8.AN.5.158; 8.AN.5.196; 8JVN.5.223; 8.AN.5.240; 8.AN.5.244; 

8.AN.5.243; 8.AN.5.247; 8.AN.7.157; 8JVN.7.158; 8.AN.7.196; 8.AN.7.223; 8JVN.7.240; 
20 8.AN.7.244; 8.AN.7.243; 8.AN.7.247; 8.AN.15.157; 8.AN.15.158; 8.AN.15.196; 

8.AN.15.223; 8.AN.15.240; 8.AN.15.244; 8.AN.15.243; 8.AN. 15.247; 8.AN. 16.157; 

8.AN.16.158; 8.AN.16.196; 8.AN.16.223; 8.AN.16.240; 8.AN.16.244; 8.AN.16.243; 

8.AN.16.247; 8.AN.18.157; 8JVN.18.158; 8.AN.18.196; 8.AN.18.223; 8.AN.18.240; 

8.AN.18.244; 8.AN.18.243; 8.AN.18.247; 8.AN.26.157; 8.AN.26.158; 8JVN.26.196; 
25 8.AN.26.223; 8.AN.26.240; 8.AN.26.244; 8.AN.26.243; 8.AN.26.247; 8J\N.27.157; 

8.AN.27.158; 8.AN.27.196; 8.AN.27.223; 8.AN.27.240; 8.AN.27.244; 8.AN.27.243; 

8.AN.27.247; 8.AN.29.157; 8.AN.29.158; 8.AN.29.196; 8.AN.29.223; 8.AN.29.240; 

8.AN.29.244; 8.AN.29.243; 8J\N.29.247; 8.AN.54.157; 8JVN.54.158; 8.AN.54.196; 

8.AN.54.223; 8.AN.54.240; 8.AN.54.244; 8JVN.54.243; 8.AN.54.247; 8Jy^.55.157; 
30 8.AN.55. 158; 8.AN.55.196; 8 JVN.55.223; 8.AN.55.240; 8.AN.55.244; 8wAN.55.243; 

8.AN.55.247; 8.AN.56.157; 8JVN.56.158; 8.AN.56.196; 8.AN.56.223; 8.AN.56.240; 

8.AN.56.244; 8.AN.56.243; 8.AN.56.247; 8.AN.157.157; 8.AN.157.158; 8.AN.157.196; 

8JVN.157.223; 8 JVN. 157.240; 8.AN.157.244; 8.AN.157.243; 8.AN.157.247; 8.AN.196.157; 

8.AN.196.158; 8.AN.196.196; 8.AN.196.223; 8.AN. 196.240; 8.AN.196.244; 8.AN.196.243; 
35 8.AN.196.247; 8.AN.223.157; 8.AN.223.158; 8.AN.223.196; 8.AN.223.223; 8JVN.223.240; 

8.AN.223.244; 8.AN.223.243; 8.AN.223.247; 8.AN.240.157; 8.AN.240.158; 8.AN.240.196; 

8.AN.240.223; 8.AN.240.240; 8.AN.240.244; 8.AN.240.243; 8.AN.240.247; 8.AN.244. 157; 

8.AN.244.158; 8.AN.244.196; 8JVN.244.223; 8.AN.244.240; 8.AN.244.244; 8JVN.244.243; 

8.AN.244.247; 8.AN.247.157; 8.AN.247.158; 8.AN.247.196; 8.AN.247.223; 8.AN.247.240; 
40 8AN.247.244; 8j\N.247.243; 8JVN.247.247; 

Prodrugs of 8. AP 

8.AP.4.157; 8.AP.4.158; 8JVP.4.196; 8J^.4.223; 8.AP.4.240; 8.AP.4.244; 8JVP.4.243; 
8.AP.4.247; 8.AP.5.157; 8.AP.5.158; 8.AP.5.196; 8.AP.5.223; 8.AP.5.240; 8.AP.5.244; 
45 8j\P.5.243; 8.AP.5.247; 8.AP.7.157; 8JVP.7.158; 8.AP.7.196; 8.AP.7.223; 8JVP.7.240; 

8.AP.7.244; 8j\P.7.243; 8JVP.7.247; 8.AP.15.157; 8.AP.15.158; 8.AP.15.196; 8.AP.15.223; 
8.AP.15.240; 8.AP.15.244; 8.AP.15.243; 8.AP.15.247; 8.AP.16.157; 8.AP.16.I58; 
8JVP.16.196; 8.AP.16.223; 8j\P.16.240; 8jVP.16.244; 8.AP.16.243; 8.AP.16.247; 
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15 



8.AP.18.157; 8.AP.18.158; 8.AP.18.196; 8.AP.18.223; 8.AP.18.240; 8.AP.18.244 
8.AP.18.243; 8j\P.18.247; 8.AP.26.157; 8.AP.26.158; 8.AP.26.196; 8.AP.26.223 
8.AP.26.240; 8.AP.26.244; 8.AP.26.243; 8.AP.26.247; 8j\P.27.157; 8.AP.27.158 
8.AP.27.196; 8.AP.27.223; 8.AP.27.240; 8.AP.27.244; 8.AP.27.243; 8.AP.27.247 
8.AP.29.157: 8JVP.29.158; 8.AP.29.196; 8.AP.29.223; 8jVP.29.240; 8jVP.29.244 
8.AP.29.243; 8JVP.29.247; 8j\P.54.157; 8.AP.54.158; 8.AP.54.196; 8JVP.54.223 
8.AP.54.240; 8.AP.54.244; 8.AP.54.243; 8.AP.54.247; 8.AP.55.157; 8.AP.55.158 
8.AP.55.196; 8.AP.55.223; 8.AP.55.240; 8.AP.55.244; 8.AP.55.243; 8.AP.55.247 
8.AP.56.157; 8.AP.56.158; 8.AP.56.196; 8JVP.56.223; 8JVP.56.240; 8.AP.56.244 
8.AP.56.243; 8.AP.56.247; 8.AP.157.157; 8.AP.157.158; 8.AP.157.196; 8.AP.157.223; 
8.AP.157.240; 8.AP.157.244; 8.AP.157.243; 8.AP.157.247; 8JVP.196.157; 8.AP.196.158 
8.AP.196.196; 8.AP.196.223; 8.AP.196.240; 8.AP.196.244; 8.AP.196.243; 8.AP.196.247 
8.AP.223.157; 8.AP.223.158; 8.AP.223.196; 8.AP.223.223; 8.AP.223.240; 8.AP.223.244 
8.AP.223.243; 8.AP.223.247; 8.AP.240.157; 8.AP.240.158; 8.AP.240. 196; 8.AP.240.223 
8JVP.24O.240; 8.AP.240.244; 8.AP.240.243; 8.AP.240.247; 8.AP.244.157; 8.AP.244.158 
8.AP.244.196; 8.AP.244.223; 8.AP.244.240; 8.AP.244.244; 8.AP.244.243; 8.AP.244.247 
8.AP.247.157; 8.AP.247. 158; 8.AP.247.196; 8jVP.247.223; 8.AP.247.240; 8.AP.247.244 
8.AP.247.243; 8.AP.247.247; 



20 



25 



30 



35 



40 



45 



Prodrugs of 8.AZ 

8.AZ.4.157; 8.AZ.4.158; 8.AZ.4.196; 8.AZ.4.223; 8JVZ.4.240; 8.AZ.4.244; 8JVZ.4.243; 
8.AZ.4.247; 8.AZ.5.157; 8.AZ.5.158; 8.AZ.5.196; 8.AZ.5.223; 8.AZ.5.240; 8.AZ.5.244; 
8.AZ.5.243; 8.AZ.5.247; 8.AZ.7.157; 8.AZ.7.158; 8.AZ.7.196; 8.AZ.7.223; 8.AZ.7.240; 
8.AZ.7.244; 8JVZ.7.243; 8.AZ.7.247; 8.AZ.15.157; 8.AZ.15.158; 8jVZ.15.196; 8JVZ.15.223; 



8.AZ.15.240 
8.AZ.16.196 
8.AZ.18.157 
8.AZ.18.243 
8.AZ.26.240 
8JVZ27.196 
8.AZ.29.157 
8.AZ.29.243 
8JVZ.54.240 
8JVZ.55.196 
8JVZ.56.157 
8JVZ.56.243 



8.AZ.15.244; 8.AZ.15.243; 8.AZ.15.247 
8.AZ.16.223; 8.AZ.16.240; 8.AZ.16.244 
8.AZ.18.158; 8.AZ.18.196; 8.AZ18.223 
8.AZ. 18.247; 8.AZ.26.157; 8.AZ.26.158 
8.AZ.26.244; 8.AZ.26.243; 8.AZ.26.247 
8.AZ.27.223; 8JVZ.27.240; 8.AZ27.244 
8.AZ.29.158; 8.AZ.29.196; 8.AZ.29.223 
8.AZ.29.247; 8.AZ.54.157; 8.AZ.54.158 
8.AZ.54.244; 8JVZ.54.243; 8.AZ.54.247 
8.AZ.55.223; 8.AZ.55.240; 8.AZ.55.244 



8.AZ.16.157 
8.AZ. 16.243 
8. AZ. 18.240 
8.AZ.26.196 
8.AZ.27.157 
8.AZ.27.243 
8.AZ.29.240 
8.AZ.54.196 
8.AZ.55.157 
8.AZ.55.243 
8.AZ.56.240 



8.AZ.16.158 
8.AZ. 16.247 
SjVZ. 18.244 
8.AZ.26.223 
8.AZ.27.158 
8.AZ.27.247 
8.AZ.29.244 
8.AZ.54.223 
8JVZ.55.158 
8.AZ.55.247 
8.AZ.56.244 



8.AZ.56.158; 8.AZ.56.196; 8.AZ.56.223 

8jVZ.56.247; 8JVZ.157.157; 8.AZ.157.158; 8JVZ157.196; 8.AZ.157.223; 
8.AZ157.240; 8.AZ.157.244; 8.AZ157.i243; 8JVZ157.247; 8.AZ196.157; 8.AZ196.158 
8JVZ.196.196; 8.AZ.196.223; 8.AZ.196.240; 8JVZ.196.244; 8.AZ.196.243; 8.AZ196.247 
8JVZ.223.157; 8JVZ.223.158; 8.AZ223.196; 8JVZ223.223; 8.AZ.223.240; 8.AZ.223.244 
8.AZ.223.243; 8.AZ.223.247; 8.AZ240.157; 8.AZ240.158; 8.AZ240.196; 8.AZ240.223 
8.AZ.240.240; 8.AZ.240.244; 8.AZ.240.243; 8.AZ.240.247; 8.AZ.244.157; 8.AZ.244.158 
8.AZ.244.196; 8 JVZ.244.223; 8JVZ.244.240; 8JVZ244.244; 8JVZ.244.243; 8.AZ.244.247 
8JVZ247.157; 8.AZ.247.158; 8JVZ247.196; 8.AZ247.223; 8.AZ247.240; 8JVZ.247.244 
8.AZ247.243; 8.AZ.247.247; 

Prodrugs of 8.BF 

8.BF.4.157; 8.BF.4.158; 8.BF.4.196; 8.BR4.223; 8J3F.4.240; 8.BF.4.244; 8.BF.4.243; 
8£F.4.247; 8.BF.5.157; 8JBR5.158; 83F.5.196; 8.BF.5.223; 8.BF.5.240; 8.BF.5.244; 
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8.BF.5.243; 8.BF.5.247; 8.BF.7.157; 8.BF.7.158; 8m7.196; 8.BF.7.223; 8JBR7.240; 

8.BF.7.244; 8.BF.7.243; 8.BF.7.247; 8.BF.15.157; 8.BF.15.158; 8.BF.15.196; 8.BF.15.223; 

8^F.15.240; 83F.15.244; 8.BF.15.243; 8.BF.15.247; 8^16.157; 8.BF.16.158; 

8.BF.16.196; 8£F,16.223; 83F.16.240; 8.BF.16.244; 8.BF.16.243; 8.BF.16.247; 
5 8.BF.18.157; 8.BF.18.158; 8.BF.18.196; 8:BF.18.223; 8.BF.18.240; 8JBF.18.244; 

8.BF.18.243; 8.BF.18.247; 83F.26.157; 8.BF.26.158; 83F.26.196; 8.BF.26.223; 

8.BF.26.240; 83F.26.244; 8.BF.26.243; 8.BF.26.247; 8:BF.27.157; 8.BF.27.158; 

8.BF.27.196; 8.BF.27.223; 8.BF.27.240; 8.BF.27.244; 8.BF.27.243; 8.BF.27.247; 

8.BF.29.157; 8.BF.29.158; 8.BF.29.196; 8.BF.29.223; 8.BF.29.240; 8.BR29.244; 
10 8.BF.29.243; 8;BF.29.247; 83R54. 157; 8.BF.54. 158; 83F.54.196; 8.BF.54.223; 

8.BF.54.240; 8.BF.54.244; 83F.54.243; 8.BF.54.247; 8.BF.55.157; 8JBF.55.158; 

8.BF.55.196; 8.BF.55.223; 8.BF.55.240; 8.BF.55.244; 8.BF.55.243; 8.BF.55.247; 

8.BF.56.157; 83F.56.158; 83F.56.196; 8.BF.56.M3; 8.BR56.240; 8.BR56.244; 

8.BR56.243; 8.BF.56.247; 8.BR157.157; 8.BF.157.158; 8.BR157.196; 8.BF.157.223; 
15 8.BR157.240; 8.BF.157.244; 8.BF.157.243; 8.BR157.247; 8.BF.196.157; 8.BF.196.158; 

8.BF.196.196; 8.BR196.223; 8.BF.196.240; 8.BF.196.244; 8.BR196.243; 8.BR196.247; 

8.BF.223.157; 8.BR223.158; 8.BF.223.196; 8.BR223.223; 8.BR223.240; 8.BF.223.244; 

8JBR223.243; 8.BF.223.247; 8.BR240.157; 8.BF.240.158; 8.BF.240.196; 8.BF.240.223; 

8:BF.240.240; 8.BF.240.244; 8.BF.240.243; 8.BR240.247; 8.BR244.157; 8.BR244.158; 
20 83F.244.196; 8.BF.244.223; 8.BF.244.240; 8.BF.244.244; 8.BR244.243; 8.BR244.247; 

8.BR247.157; 8.BR247.158; 8.BR247.196; 8.BR247.223; 8.BR247.240; 8.BF.247.244; 

8.BF.247.243; 8.BR247.247; 

Prodrugs of 8.CI 

25 8.CL4.157; 8.CX4.158; 8.CL4.196; 8.CL4.223; 8.CI.4.240; 8.CL4.244; 8.0.4.243; 

8.C3.4.247; 8.a.5.157; 8.CI.5.158; 8.0.5.196; 8.CL5.223; 8.CL5.240; 8.CX5.244; 

8.CI.5.243; 8.a.5.247; 8.a.7.157; 8.CI.7.158; 8.CL7.196; 8.CL7.223; 8.CL7.240; 

8.CI.7.244; 8.a.7.243; 8.0.7.247; 8.CL15.157; 8.0.15.158; 8.0.15.196; 8.015.223; 

8.0.15.240; 8.0.15.244; 8.0.15.243; 8.015.247; 8.0.16.157; 8.0.16.158; 8.016.196; 
30 8.0.16.223; 8.0.16.240; 8.0.16.244; 8.0.16.243; 8.016.247; 8.0.18.157; 8.018.158; 

8.0.18.196: 8.0.18.223; 8.O.18.240; 8.0.18.244; 8.0.18.243; 8.018.247; 8.0.26.157; 

8.0.26.158; 8.0.26.196; 8.0.26.223; 8.O.26.240; 8.0.26.244; 8.0.26.243; 8.026,247; 

8.0.27.157; 8.0.27.158; 8.0.27.196; 8.0.27.223; 8.O.27.240; 8.027.244; 8.0.27.243; 

8.0.27.247; 8.0.29.157; 8.0.29.158; 8.0.29.196; 8.0.29.223; 8.O.29.240; 8.029.244; 
35 8.0.29.243; 8.0.29.247; 8.0.54.157; 8.0.54.158; 8.054.196; 8.0.54.223; 8.O54.240; 

8.0.54.244; 8.0.54.243 ; 8.0.54.247; 8.0.55. 157; 8.0.55. 158; 8.0.55. 196; 8.0.55.223; 

8.O.55.240; 8.0.55.244; 8.0.55.243; 8.0.55.247; 8.0.56. 157; 8.056. 158; 8.056.196; 

8.0.56.223; 8.O.56.240; 8.0.56.244; 8.0.56.243; 8.056.247; 8.0. 157.157; 

8.0.157.158; 8.0157.196; 8.0.157.223; 8.O.157.240; 8.0.157.244; 8.0.157.243; 
40 8.0.157.247; 8.0.196.157; 8.0.196.158; 8.0196.196; 8.0196.223; 8.O.196.240; 

8.0.196.244; 8.0.196.243; 8.0.196.247; 8.0.223.157; 8.0.223.158; 8.0.223.196; 

8.0.223.223; 8.O.223.240; 8.0.223.244; 8.0.223.243; 8.0.223.247; 8.O.240.157; 

8.O.240.158; 8.0.240.196; 8.O.240.223; 8.O240.240; 8.O240.244; 8.0.240.243; 

8.O.240.247; 8.0.244.157; 8.0.244.158; 8.0.244.196; 8.0244.223; 8.CL244.240; 
45 8.0.244.244; 8.0244.243; 8.0.244.247; 8.0.247. 157; 8.0.247. 158; 8.0.247.196; 

8.0.247.223; 8.O247.240; 8.0.247.244; 8.0247.243; 8.0.247.247; 

Prodrugs of 8.CO 
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20 



25 



30 



35 



40 



45 



8.C0.4.157; 8.C0.4.158; 8.C0.4.196; 8.C0.4.223; 8.CO.4.240; 8.C0.4.244; 8.C0.4.243; 
8.C0.4.247; 8.C0.5.157; 8.C0.5.158; 8.C0.5.196; 8.C0.5.223; 8.CO.5.240; 8.C0.5.244; 
8.C0.5.243; 8.C0.5.247; 8.C0.7.157; 8.C0.7.158; 8.C0.7.196; 8.C0.7.223; 8.CO.7.240; 
8.C0.7.244; 8.C0.7.243; 8.C0.7.247; 8.C0.15.157; 8.C0.15.158; 8.C0.15.196; 



8.CO. 15.223 
8.C0.16.158 
8.C0. 16.247 
8.C0.18.244 
8.C0.26.223 
8.C0.27.158 
8.C0.27.247 
8.C0.29.244 
8.C0.54.223 
8.C0.55.158 
8.C0.55.247 
8.C0.56.244 



8.C0.16.157 
8.C0. 16.243 
8.CO.18.240 
8.C0.26.196 
8.C0.27.I57 
8.C0.27.243 
8.CO.29.240 
8.C0.54.196 
8.C0.55.157 
8.C0.55.243 
8.CO.56.240 



8.CO.15.240; 8.C0.15.244; 8.C0.15.243; 8.C0.15.247 
8.C0.16.196; 8.C0.16.223; 8.CO.16.240; 8.C0.16244 
8.C0.18.157; 8.C0.18.158; 8.C0.18.196; 8.C0.18.223 
8.C0.18.243; 8.C0.18.247; 8.C0.26.157; 8.C0.26.158 
8.CO.26.240; 8.C0.26.244; 8.C0.26.243; 8.C0.26.247 
8.C0.27.196; 8.C0.27.223; 8.CO.27.240; 8.C0.27.244 
8.C0.29.157; 8.C0.29.158; 8.C0.29.196; 8.C0.29.223 
8.C0.29.243; 8.C0.29.247; 8.C0.54.157; 8.C0.54.158 
8.CO.54.240; 8.C0.54.244; 8.C0.54.243; 8.C0.54.247 
8.C0.55.196; 8.C0.55.223; 8.CO.55.240; 8.C0.55.244 
8.C0.56.157; 8.C0.56.158; 8.C0.56.196; 8.C0.56.223 
8.C0.56.243; 8.C0.56.247; 8.C0.157.157; 8.C0.157.158; 8.C0.157.196; 
8.C0.157.223; 8.CO.157.240; 8.C0.157.244; 8.C0.157.243; 8.C0.157.247; 8.C0.196.157 
8.C0.196.158; 8.C0.196.196; 8.C0.196.223; 8.CO.196.240; 8.C0.196.244; 8.C0.196.243 
8.C0. 196.247; 8.C0.223.157; 8.C0.223.158; 8.C0.223. 196; 8.C0.223.223; 8.CO.223.240 
8.C0.223.244; 8.C0.223.243; 8.C0.223.247; 8.CO.240. 157; 8.CO.240.158; 8.CO.240.196 
8.CO.240.223; 8.CO.240.240; 8.CO.240.244; 8.CO.240.243; 8.CO.240.247; 8.C0.244.157 
8.C0.244.158; 8.C0.244.196; 8.C0.244.223; 8.CO.244.240; 8.C0.244.244; 8.C0.244.243 
8.C0.244.247; 8.C0.247.157; 8.C0.247.158; 8.C0.247.196; 8.C0.247.223; 8.CO.247.240 

8. C0.247.244; 8.C0.247.243; 8.C0.247.247; 

Prodrugs of 9. AH 

9.AH.4.157; 9.AH.4.158; 9.AH.4.196; 9.AH.4.223; 9.AH.4.240; 9.AH.4.244; 9.AH.4.243; 

9. AH.4.247; 9.AH.5.157; 9.AH.5.158; 9.AH.5.196; 9J^.5.223; 9.AH.5.240; 9.AH.5.244; 
9j\H.5.243; 9.AH.5.247; 9.AH.7.157; 9.AH.7.158; 9.AH.7.196; 9.AH.7.223; 9.AH.7.240; 
9.AH.7.244; 9.AH.7.243; 9.AH.7.247; 9.AH.15.157; 9wAH.15.158; 9.AH.15.196; 



9.AH.15.223; 9.AH.15.240; 9.AH.15.244; 9.AH.15.243; 
9.AH.16.158; 9.AH.16.196; 9.AH.16.223; 9.AH.16.240; 
9.AH.16.247; 9.AH.18.157; 9j\H.18.158;9.AH.18.196; 
9.AH.18.244; 9.AH.18.243; 9.AH.18.247; 9.AH.26.157: 
9.AH.26.223; 9.AH.26.240; 9«AH.26.244; 9.AH.26.243; 
9.AH.27,158; 9.AH.27.196; 9.AH.27.223; 9.AH.27.240; 
9.AH.27.247; 9.AH.29.157; 9.AH.29.158; 9.AH.29.196; 
9.AH.29.244; 9J\H.29.243; 9j\H.29.247; 9.AH.54.157; 
9.AH.54.223; 9.AH.54.240; 9.AH.54.244; .9.AH.54.243: 
9.AH.55.158; 9.AH.55.196; 9Jm.55.223; 9.AH.55.240; 

9.AH.55.247; 9.AH.56.157; 9.AH.56.158; 9.AH.56.196; 9.AH.56.223; 9.AH.56.240; 
9.AH.56.244; 9.AH.56.243; 9.AH.56.247; 9.AH.157.157; 9.AH.157.158; 9.AH.157.196; 
9.AH.157.223; 9.AH.157.240; 9AH.157.244; 9J^.157.243; 9.AH. 157.247; 9.AH.196.157; 
9.AH.196.158; 9.AH.196.196; 9.AH.196.223; 9.AH.196.240; 9.AH.196.244; 9.AH.196.243; 
9.AH. 196.247; 9.AH.223. 157; 9~AH.223.158; 9«AH.223.196; 9.AH.223.223; 9JVH.223.240; 
9.AH.223.244; 9.AH.223.243; 9AH.223.247; 9j\H.240.157; 9.AH.240.158; 9.AH.240. 196; 
9.AH.240.223; 9.AH.240.240; 9.AH.240.244; 9.AH.240.243; 9.AH.240.247; 9AH.244.157; 
9.AH.244.158; 9.AH.244. 196; 9^.244.223; 9j\H.244.240; 9J^244.244; 9.AH.244.243; 



9. AH. 15.247; 9.AH.16.157; 
9.AH.16.244; 9.AH.16.243; 
9.AH.18.223; 9.AH.18.240; 
9.AH26.158; 9.AH.26.196; 
9.AH.26.247; 9.AH.27.157; 
9.AH.27.244; 9.AH.27.243; 
9.AH.29.223; 9.AH.29.240; 
9.AH.54.158; 9.AH.54.196; 
9.AH.54.247; 9.AH.55.157; 
9.AH.55.244; 9.AH.55.243; 
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9j\H.244.247; 9j\H.247.157; 9.AH.247.158; 9J^247.196; 9^^7.223; 9.AH.247;240; 
9 JVH.247.244; 9.AH.247.243; 9^247.247; 

Prodrugs of 9.AT 

5 9Ar.4.157; 9.AJ.4.158; 9.AJ.4.196; 9.AJ.4.223; 9.AJ.4.240; 9.AJ.4.244; 9.AJ.4.243; 

9JJA.2AT, 9Ar.5.157; 9JU.5.158; 9.AJ.5.196; 9.AJ.5.223; 9AF.5.240; 9.AJ.5.244; 

9.AJ.5.243; 9.AJ.5.247; 9.AJ.7.157; 9.AJ.7.158; 9.AJ.7.196; 9.AJ.7.223; 9.AJ.7.240; 

9jy.7.244; 9.AJ.7.243; 9j\J.7.247; 9.AJ.15.157; 9^.15.158; 9JU.15.196; 9.AJ.15.223; 

9.AJ.15.240; 9Ar.l5.244; 9.AJ.15.243; 9.AJ.15.247; 9.AJ.16.157; 9.AJ.16.158; 9.AJ.16.196; 
10 9Ar.l6.223; 9AF.16.240; 9.AJ.16.244; 9.AJ.16.243; 9.AJ.16.247; 9.AJ.18.157; 9.AJ.18.158; 

9.AJ.18.196; 9.AJ.18.223; 9.AJ.18.240; 9.AJ.18.244; 9.AJ.18.243; 9.AJ.18.247; 9.AJ.26.157; 

9.AJ.26.158; 9.AJ.26.196; 9.AJ.26.223; 9.AJ.26.240; 9AF.26.244; 9.AJ.26.243; 9.AJ.26.247; 

9Ar.27.157; 9.AJ.27.158; 9JU.27.196; 9.AF.27.223; 9.AJ.27.240; 9.AJ.27.244; 9.AJ.27.243; 

9.AJ.27.247; 9.AJ.29.157; 9.AJ.29.158; 9.AJ.29.196; 9.AJ.29.223; 9AF.29.240; 9jU.29.244; 
15 9Ar.29.243; 9AF.29.247; 9.AJ.54.157; 9.AJ.54.158; 9.AJ.54.196; 9.AJ.54.223; 9.AJ.54.240; 

9.AJ.54.244; 9.AJ.54.243; 9.AJ.54.247; 9.AJ.55.157; 9jU.55.158; 9.AJ.55.196; 9AJ.55.223; 

9.AJ.55.240; 9.AJ.55.244; 9.AJ.55.243; 9.AJ.55.247; 9.AJ.56.157; 9.AJ.56.I58; 9.AJ.56.196; 

9.AJ.56.223; 9.AJ.56.240; 9.AJ.56.244; 9.AJ.56.243; 9AI.56.247; 9.AJ.157.157; 

9.AJ.157.158; 9.AJ.157.196; 9.AJ.157.223; 9.AJ.157.240; 9.AJ.157.244; 9.AJ.157.243; 
20 9.AJ.157.247; 9JU.196.157; 9AJ.196.158; 9.AJ.196.196; 9.AJ.196.223; 9.AJ.196.240; 

9.AJ.196.244; 9.AJ.196.243; 9.AJ.196.247; 9.AJ.223.157; 9.AJ.223.158; 9.AJ.223.196; 

9.AJ.223.223; 9.AJ.223.240; 9.AJ.223.244; 9.AJ.223.243; 9.AJ.223.247; 9.AJ.240.157; 

9.AJ.240.158; 9jU.240.196; 9.AJ.240.223; 9.AJ.240.240; 9.AJ.240.244; 9.AJ.240.243; 

9.AJ.240.247; 9.AJ.244.157; 9.AJ.244.158; 9.AJ.244.196; 9.AJ.244.223; 9.AJ.244.240; 
25 9 Ar.244.244; 9JU.244.243; 9 JU.244.247; 9.AJ.247.157; 9.AJ.247. 158; 9.AJ.247.196; 

9.AJ.247.223; 9JU.247.240; 9.AJ.247.244; 9.AJ.247.243; 9.AJ.247.247; 

Prodrugs of 9. AN 

9.AN.4.157; 9.ANA158; 9.AN.4.196; 9.AN.4.223; 9.AN.4.240; 9.AN.4.244; 9.AN.4.243; 
30 9.AN.4.247; 9J^.5.157; 9j\N.5.158; 9.AN.5.196; 9.AN.5.223; 9.AN.5.240; 9J^.5.244; 

9.AN.5.243; 9.AN.5.247; 9J^.7.157; 9.AN.7.158; 9.AN.7.196; 9.AN.7.223; 9.AN.7.240; 

9.AN.7.244; 9.AN.7.243; 9.AN.7.247; 9.AN.15.157; 9.AN.15.158; 9j\N.15.196; 

9.AN. 15.223; 9.AN. 15.240; 9.AN. 15.244; 9 J^. 15.243; 9JW. 15.247; 9.AN.16.157; 

9.AN.16.158; 9.AN.16.196; 9.AN.16.223; 9.AN.16.240; 9.AN.16.244; 9.AN.16.243; 
35 9.AN.16.247; 9j\N.18.157; 9.AN.18.158; 9.AN.18.196; 9JVN.18.223; 9j\N.18.240; 

9.AN.18.244; 9.AN.18.243; 9.AN.18.247; 9.AN.26.157; 9J^.26.158; 9.AN.26.196; 

9.AN.26.223; 9j\N.26.240; 9.AN.26.244; 9.AN.26.243; 9.AN.26.247; 9.AN.27.157; 

9.AN.27.158; 9JW.27.196; 9.AN.27.223; 9.AN.27.240; 9.AN.27.244; 9JW.27.243; 

9.AN.27.247; 9.AN.29.157; 9.AN.29.158; 9.AN.29.196; 9.AN.29.223; 9.AN.29.240; 
40 9.AN.29.244; 9j\N.29.243; 9.AN.29.247; 9.AN.54.157; 9.AN.54.158; 9.AN.54.196; 

9.AN.54.223; 9.AN.54.240; 9JW.54.244; 9.AN.54.243; 9.AN.54.247; 9.AN.55.157; 

9jW.55.158; 9.AN.55.196; 9.AN.55.223; 9JW.55.240; 9.AN.55.244; 9.AN.55.243; 

9.AN.55.247; 9.AN.56.157; 9.AN.56.158; 9.AN.56.196; 9.AN.56.223; 9jW.56.240; 

9.AN.56.244; 9.AN.56.243; 9.AN.56.247; 9.AN.157.157; 9.AN.157.158; 9.AN.157.196; 
45 9JW.157.223; 9.AN.157.240; 9.AN.157,244; 9.AN.157.243; 9.AN.157.247; 9.AN.196.157; 

9.AN.196.158; 9.AN.196.196; 9.AN.196.223; 9.AN.196.240; 9.AN.196.244; 9.AN.196.243; 

9.AN.196.247; 9.AN.223.157; 9JW.223.158; 9.AN.223.196; 9.AN.223.223; 9.AN.223.240; 

9.AN.223.244; 9.AN.223.243; 9JW.223.247; 9.AN.240.157; 9JW.240.158; 9JW.240.196; 
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9jySf.240.223; 9~AN.240.240; 9.AN.240.244; 9.AN:2ztO:243; 9.AN.240.247; 9j\N.244.157; 
9j\N.244.158; 9.AN.244.196; 9.AN.244.223; 9.AN.244.240; 9.AN.244.244; 9.AN.244.243; 
9.AN.244.247; 9.AN.247. 157; 9.AN.247.158; 9.AN.247.196; 9.AN.247.223; 9AN.247.240; 
9.AN.247.244; 9.AN.247.243; 9.AN.247.247; 

5 

Prodrugs of 9JiP 

9.AP.4.157; 9.AP.4.158; 9.AP.4.196; 9J^.4.223; 9.AP.4.240; 9.AP.4.244; 9AP.4.243; 

9j\P.4.247; 9.AP.5.157; 9.AP.5.158; 9.AP.5.196; 9.AP.5.223; 9.AP.5.240; 9.AP.5.244; 

9.AP.5.243; 9.AP.5.247; 9.AP.7.157; 9.AP.7.158; 9.AP.7.196; 9.AP.7.223; 9.AP.7.240; 
10 9.AP.7.244; 9.AP.7.243; 9.AP.7.247; 9.AP.15.157; 9.AP.15.158; 9.AP.15.196; 9.AP.15.223; 

9j\P.15.240 

9.AP.16.196 

9JVP.18.157 

9.AP.18.243 
15 9j^.26.240 

9.AP.27.196 

9.AP.29.157 

9jy».29.243 

9.AP.54.240 
20 9.AP.55.196 

9.AP.56.157 

9.AP.56.243 

9.AP.157.240: 

9.AP.196.196 
25 9.AP.223.157 

9.AP.223.243 

9.AP.240.240 

9.AP.244.196 

9.AP.247.157 



9.AP.15.244; 9.AP.15.243; 9.AP.15.247; 9JVP.16.157; 9.AP.16.158 
9.AP.16.223; 9.AP.16.240; 9.AP.16.244; 9.AP.16.243; 9.AP.16.247 
9wAP.18.158; 9JVP.18.196; 9.AP.18.223; 9.AP.18.240; 9.AP.18.244 
9.AP.18.247; 9.AP.26.157; 9.AP.26.158; 9.AP.26.196; 9.AP.26.223 
9JVP.26.244; 9.AP.26.243; 9.AP.26.247; 9.AP.27.157; 9.AP.27.158 
9JVP.27.223; 9.AP.27.240; 9.AP.27.244; 9.AP.27.243; 9.AP.27.247 
9.AP.29.158; 9.AP.29.196; 9.AP.29.223; 9.AP.29.240; 9.AP.29.244 
9JVP.29,247; 9.AP.54.157; 9.AP.54.158; 9.AP.54.196; 9.AP.54.223 
9.AP.54.244; 9.AP.54.243; 9.AP.54.247; 9.AP.55.157; 9.AP.55.158 
9.AP.55.223; 9.AP.55.240; 9.AP.55.244; 9.AP.55.243; 9.AP.55.247 
9.AP.56.158; 9.AP.56.196; 9.AP.56.223; 9.AP.56.240; 9.AP.56.244; 
9jVP.56.247; 9.AP.157.157; 9.AP.157.158; 9.AP.157.196; 9.AP.157.223; 
9 jVP. 157.244; 9 JVP. 157.243; 9 JVP. 157.247; 9.AP.196.157; 9.AP.196.158 
9. AP. 196.223; 9.AP. 196.240; 9.AP. 196.244; 9.AP. 196.243; 9.AP. 196.247 
9.AP.223.158; 9.AP.223.196; 9.AP.223.223; 9.AP.223.240; 9.AP.223.244 
9AP.223.247; 9.AP.240. 157; 9j\P.240.158; 9JVP.240. 196; 9.AP.240.223 
9.AP.240.244; 9.AP.240.243; 9.AP.240.247; 9.AP.244. 157; 9.AP.244.158 
9.AP.244.223; 9.AP.244.240; 9JVP.244.244; 9.AP.244.243; 9.AP.244.247 
9.AP.247.158; 9.AP.247.196; 9.AP.247.223; 9.AP.247.240; 9.AP.247.244 



30 9.AP.247.243; 9.AP.247.247; 



35 



40 



45 



Prodrugs of 9.AZ 

9.AZ.4.157; 9.AZ.4.158; 9.AZ.4.196; 9.AZ.4.223; 9.AZ.4.240; 9.AZ.4.244; 9.AZ.4.243; 
9.AZ.4.247; 9.AZ5.157; 9.AZ.5.158; 9.AZ.5.196; 9.AZ.5.223; 9.AZ.5.240; 9.AZ.5.244; 
9.AZ.5.243; 9JVZ.5.247; 9.AZ.7.157; 9.AZ.7.158; 9JVZ.7.196; 9.AZ.7.223; 9JVZ.7.240; 
9.AZ.7.244; 9.AZ.7.243; 9.AZ.7.247; 9.AZ.15.157; 9JVZ.15.158; 9.AZ.15.196; 9.AZ.15.223; 



9.AZ.15.240; 9.AZ.15.244; 9.AZ.15.243; 9.AZ.15.247 
9.AZ.16.196; 9.AZ.16.223; 9JVZ.16.240; 9.AZ16.244 
9.AZ.18.157; 9.AZ.18.158; 9.AZ.18.196; 9.AZ.18.223 
9.AZ.18.243; 9.AZ.18.247; 9.AZ.26.157; 9JVZ.26.158 
9.AZ26.240; 9.AZ.26.244; 9.AZ.26.243; 9.AZ.26.247 
9.AZ.27.196; 9.AZ.27.223; 9.AZ.27.240; 9.AZ.27.244 
9.AZ.29.157; 9.AZ.29.158; 9JVZ.29.196; 9.AZ29.223 
9.AZ.29.243; 9.AZ.29.247; 9.AZ.54.157; 9.AZ.54.158 
9.AZ.54.240; 9.AZ.54.244; 9.AZ.54.243; 9 JVZ.54.247 
9.AZ.55.196; 9.AZ.55.223; 9.AZ.55.240; 9.AZ.55.244 
9.AZ.56.157; 9.AZ.56.158; 9.AZ.56.196; 9.AZ.56.223 



9.AZ.16.157; 9.AZ.16.158 
9.AZ.16.243; 9.AZ.16.247 
9.AZ. 18.240; 9.AZ. 18.244 
9JVZ.26.196; 9.AZ.26.223 
9.AZ27.157; 9.AZ.27.158 
9.AZ.27.243; 9.AZ.27.247 
9JVZ.29.240; 9.AZ.29.244 
9.AZ.54.196; 9.AZ.54.223 
9.AZ.55.157; 9j\Z.55.158 
9.AZ.55.243; 9.AZ.55.247 
9.AZ.56.240; 9.AZ.56.244 



9JVZ.56.243; 9.AZ.56.247; 9.AZ.157.157; 9.AZ.157.158; 9.AZ.157.196; 9.AZ.157.223; 
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9j\Z.157.240; 9.AZ.157.244; 9.AZ.157.243; 9.AZ.157.247; 9.AZ.196.157; 9.AZ.196.158; 
9.AZ.196.196; 9 AZ. 196.223; 9. AZ. 196.240; 9. AZ. 196.244; 9.AZ. 196.243; 9.AZ. 196.247; 
9j^Z.223.157; 9.AZ.223.158; 9^^223.196; 9.AZ.223.223; 9.AZ.223.240; 9.AZ.223.244; 
9.A2L223.243; 9.AZ.223.247; 9.AZ.240.157; 9.AZ.240.158; 9.AZ.240.196; 9.AZ.240.223; 
5 9.AZ.240.240; 9.AZ.240.244; 9.AZ.240.243; 9.AZ.240.247; 9.AZ.244.157; 9.AZ.244.158; 
9.AZ244.196; 9.AZ.244.223; 9.AZ.244.240; 9.AZ.244.244; 9.AZ.244.243; 9.AZ.244.247; 
9>AZ.247.157; 9.AZ.247.158; 9.AZ.247.196; 9.AZ.247.223; 9,AZ.247.240; 9.AZ.247.244; 
9 J^247.243; 9.AZ.247.247; 

10 Prodrugs of 9.BF 

9,BF.4.157; 9JBF.4.158; 9JBF.4.196; 9.BF.4.223; 9.BF.4.240; 9.BF.4.244; 9.BF.4.243; 

9.BF.4.247; 9.BF.5.157; 9.BF.5.158; 9.BF.5.196; 9.BF.5.223; 9.BF.5.240; 9.BF.5.244; 

9.BF.5.243; 9JBF.5.247; 9.BF.7.157; 9.BF.7.158; 9.BF.7.196;9.BF.7.223; 9.BF.7.240; 

9.BF.7.244; 9.BF.7.243; 9.BF.7.247; 9.BF.15.157; 9.BF.15.158; 9JBF.15.196; 93F.15.223; 
15 9^F.15.240; 9JBR15.244; 9.BF.15.243; 9.BF.15.247; 9.BF.16.157; 9.BF.16.158; 

9.BF.16.196; 9tBF. 16.223; 9.BF. 16.240; 9.BF. 16.244; 9.BF. 16.243; 9.BF. 16.247; 

9.BF.18.157; 9.BF.18.158; 9.BF.18.196; 9.BF.18.223; 9.BF.18.240; 9.BF.18.244; 

9JBF.18.243; 9.BF.18.247; 9.BF.26.157; 9.BF.26.158; 9:BF.26.196; 9.BF.26.223; 

93F.26.240; 9.BF.26.244; 93F.26.243; 9.BF.26.247; 9.BF.27.157; 9.BF.27.158; 
20 9.BF.27.196; 9.BF.27.223; 9.BR27.240; 9.BF.27.244; 9.BF.27.243; 9.BF.27.247; 

9.BF.29.157; 9.BF.29.158; 9.BF.29.196; 9.BF.29.223; 9.BF.29.240; 9.BF.29.244; 

9.BF.29.243; 9.BF.29.247; 9.BR54.157; 9.BF.54.158; 93F.54.196; 9JBF.54.223; 

9.BF.54.240; 9JBF.54.244; 9.BF.54.243; 9.BF.54.247; 9.BF.55.157; 9.BF.55.158; 

9.BF.55.196; 9.BF.55.223; 9.BF.55.240; 9.BF.55.244; 9.BF.55.243; 9.BF.55.247; 
25 9.BF.56.157; 9.BF.56.158; 9.BF.56.196; 9.BF.56.223; 9.BF.56.240; 9.BF.56.244; 

93F.56.243; 9.BF.56.247; 9.BF.157.157; 9JBF.157.158; 9.BF.157.196; 9.BF.157.223; 

9.BF.157.240; 9.BF.157.244; 9.BF.157.243; 9.BF.157.247; 9.BF.196.157; 9.BF.196.158; 

9.BF.196.196; 9.BF.196.223; 9.BF.196.240; 9.BF.196.244; 9.BF.196.243; 9.BF.196.247; 

9.BF.223.157; 9.BF.223.158; 9.BF.223.196; 93F.223.223; 9.BF.223.240; 9.BF.223.244; 
30 9.BF.223.243; 9.BF.223.247; 93F.240.157; 9.BF.240.158; 9.BF.240.196; 9.BF.240.223; 

9.BF.240.240; 9.BF.240.244; 9.BF.240.243; 9.BF.240.247; 9.BF.244.157; 9.BF.244. 158; 

9.BF.244.196; 9.BF.244.223; 9.BF.244.240; 9.BF.244.244; 9.BF.244.243; 9.BF.244.247; 

9.BF.247.157; 9.BF.247.158; 9.BF.247.196; 9.BF.247.223; 9.BF.247.240; 9JBF.247.244; 

9.BF.247.243; 9J8F.247^7; 

35 

Prodrugs of 9.CI 

9.a.4.157; 9.CL4.158; 9.CL4.196; 9.CL4.223; 9.CL4.240; 9.a.4.244; 9.CL4.243; 

9.a.4.247; 9.a.5. 157; 9.CL5. 158; 9.CI.5. 196; 9.CL5.223; 9.C3.5.240; 9.CL5.244; 

9.a.5.243; 9.a.5.247; 9.a.7.157; 9.CL7.158; 9.C3.7.196; 9.a.7.223; 9.a.7.240; 
40 9.a.7.244; 9.CI.7.243; 9.C3.7.247; 9.a.l5. 157; 9.CI. 15.158; 9.CL 15. 196; 9.CI. 15.223; 

9.a.l5.240; 9.CL15^; 9.0.15.243; 9.CI.15.247; 9.CX16.157; 9.CL16.158; 9.CL16.196; 

9.a.l6.223; 9.CL16.240; 9.a.l6.244; 9.0.16.243; 9.016.247; 9.018.157; 9.0.18.158; 

9.0.18.196; 9.0.18.223; 9.O18.240; 9.0.18.244; 9.0.18.243; 9.018.247; 9.0.26.157; 

9.0.26.158; 9.0.26.196; 9.0.26.223; 9.O.26.240; 9.0.26.244; 9.026.243; 9.026.247; 
45 9.0.27.157; 9.027.158; 9.027.196; 9.027.223; 9.O27.240; 9.027.244; 9.027.243; 

9.027.247: 9.0.29.157; 9.0.29.158; 9.029.196; 9.029.223; 9.O29.240; 9.0.29.244; 

9.0.29.243; 9.0.29.247: 9.0.54.157; 9.0.54.158; 9.054.196; 9.0.54.223; 9.O.54.240; 

9.0.54.244; 9.054.243; 9.0.54.247; 9.0.55.157; 9.055.158; 9.0.55.196; 9.055.223; 
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10 



15 



20 



25 



30 



35 



40 



45 



9.a.55.240; 9.CL55.244; 9.CL55.243; 9.CL55.247; 9.a.56.157; 9.CX56.158; 9.0.56.196; 
9.CL56.223; 9.CI.56.240; 9.0.56.244; 9.0.56.243; 9.0.56.247; 9.0157.157; 



9.0.157.158; 9.0.157.196; 9.CL157.223; 9.0.157.240; 9.0157.244 
9.0157.247; 9.0.196.157; 9.0.196.158; 9.0.196.196; 9.0.196.223 
9.0.196.244; 9.0196.243; 9.0.I96.247; 9.0.223.157; 9.0223.158 
9.0.223.223; 9.O.223.240; 9.0.223.244; 9.0223.243; 9.0.223.247 
9.0.240.158; 9.O.240.196; 9.0.240.223; 9.O.240.240; 9.O240.244 
9.O.240.247; 9.0.244.157; 9.0.244.158; 9.0244.196; 9.0.244.223 
9.0.244.244; 9.0244.243; 9.0.244.247; 9.0.247.157; 9.0.247.158 
9.0.247.223; 9.O.247.240; 9.0.247.244; 9.0.247.243; 9.0.247.247; 



9.0 157.243 
9.O196.240 
9.0223.196 
9.O240.157 
9.O240.243 
9.0.244.240 
9.0.247.196 



Prodrugs of 9.CO 

9. C0.4.157; 9.C0.4.158; 9.C0.4.196; 9.C0.4.223; 9.CO.4.240; 9.C0.4.244; 9.C0.4.243; 
9.C0.4.247; 9.C0.5.157; 9.C0.5.158; 9.C0.5.196; 9.C0.5.223; 9.CO.5.240; 9.C0.5.244; 
9.C0.5.243; 9.C0.5.247; 9.C0.7.i57; 9.C0.7.158; 9.C0.7.196; 9.C0.7.223; 9.CO.7.240; 
9.C0.7.244; 9.C0.7.243; 9.C0.7.247; 9.C0.15.157; 9.C0.15.158; 9.C0.15.196; 
9.C0.15.223; 9.CO.15.240; 9.C0.15.244; 9.C0.15.243; 9.C0.15.247; 9.C0.16.157 
9.C0.16.158; 9.C0.16.196; 9.C0.16.223; 9.CO.16.240; 9.C0.16.244; 9.C0.16.243 
9.C0.16.247; 9.C0.18.157; 9.C0.18.158; 9.C0.18.196; 9.C0.18.223; 9.CO.18.240 
9.C0.18.244; 9.C0.18.243; 9.C0.18.247; 9.C0.26.157; 9.C0.26.158; 9.C0.26.196 
9.C0.26.223; 9.CO.26.240; 9.03.26.244; 9.C0.26.243; 9.C0.26.247; 9.C0.27.157 
9.C0.27.158; 9.C0.27.196; 9.C0.27.223; 9.CO.27.240; 9.C0.27.244; 9.C0.27.243 
9.C0.27.247; 9.C0.29.157; 9.C0.29.158; 9.C0.29.196; 9.C0.29.223; 9.CO.29.240 
9.C0.29.244; 9.C0.29.243; 9.C0.29.247; 9.C0.54.157; 9.C0.54.158; 9.C0.54.196 
9.C0.54.223; 9.CO.54.240; 9.C0.54.244; 9.C0.54.243; 9.C0.54.247; 9.C0.55.157 
9.C0.55.158; 9.C0.55.196; 9.C0.55.223; 9.CO.55.240; 9.C0.55.244; 9.C0.55.243 
9.C0.55.247; 9.C0.56.157; 9.C0.56.158; 9.C0.56.196; 9.C0.56.223; 9.CO.56.240; 
9.C0.56.244; 9.C0.56.243; 9.C0.56.247; 9.C0. 157.157; 9.C0.157.158; 9.C0.157.196; 
9.C0.157.223; 9.CO.157.240; 9.C0.157.244; 9.C0.157.243; 9.C0.157.247; 9.C0.196.157 
9.C0.196.158; 9.C0.196.196; 9.C0.196.223; 9.CO.196.240; 9.CO. 196.244; 9.C0.196.243 
9.C0.196.247; 9.C0.223.157; 9.C0.223.158; 9.C0.223.196; 9.C0.223.223; 9.CO.223.240 
9.C0.223.244; 9.C0.223.243; 9.C0.223.247; 9.CO.240.157; 9.CO.240.158; 9.CO.240.196 
9.CO.240.223; 9.CO.240.240; 9.CO.240.244; 9.CO.240.243; 9.CO.240.247; 9.C0.244.157 
9.C0.244.158; 9.C0.244.196; 9.C0.244.223; 9.CO.244.240; 9.C0.244.244; 9.C0.244.243 
9.CG.244.247; 9.C0.247. 157; 9.C0.247.158; 9.C0.247.196; 9.C0.247.223; 9.CO.247.240 

9. C0.247.244; 9.C0.247.243; 9.C0.247.247; 

Prodrugs of lOAH 

10. AH.4.157; IO.AH.4.158; IO.AH.4.196; IO.AH.4.223; IOj^.4.240; IO.AH.4.244; 
10j\H.4.243; IO.AH.4.247; IO.AH.5.157; IO.AH.5.158; IO.AH.5.196; IO.AH.5.223; 

10. AH.5.240; IO.AH.5.244; IO.AH.5.243; IO.AH.5.247; IO.AH.7.157; IO.AH.7.158; 
IO.AH.7.196; IO.AH.7.223; 10.AH.7.240; IO.AH.7.244; 10j\H.7.243; IO.AH.7.247; 



IO.AH.15.157 
10.AH. 15.243 
10.AH.16.240 
IO.AH.18.196 
IO.AH.26.157 
IO.AH.26.243 



10J^15.158 
10.AH. 15.247 
IO.AH.16.244 
10.AH. 18.223 
IO.AH.26.158 
IO.AH.26.247 



IO.AH.15.196; 10.AH. 15.223 
IO.AH.16.157; IO.AH.16.158 
10 AH. 16.243; 10 j\H. 16.247 
IO.AH.18.240; IOAH.18.244 
IO.AH.26.196; IO.AH.26.223 



IO.AH.27.157; 10j\R27.158; 10.AH.27. 196 



10.AH. 15.240 
IO.AH.16.196 
10.AH.18.157 
10.AH. 18.243 
10.AH.26.240 



IO.AH.15.244 
10.AH. 16.223 
10.AH. 18.158 
IO.AH.18.247 
IO.AH.26.244 
IOJVH.27.223; 
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IOAH.27.240; IO.AH.27.244 
IO.AH.29.196; IO.AH.29.223 
IOAH.54.157; 10^.54.158 
IO.AH.54.243; IO.AH.54.247 
IO.AH.55.240; IO.AH.55.244 
IO.AH.56.196; IO.AH.56.223 



lOJm.27.243; IO.AH.27.247; 10J^29.157; 10jM129.158 
IO.AH.29.240; IO.AH.29.244; IO.AH.29.243; IO.AH.29.247 
10j\H.54.196; 10^^54.223; 10.AH.54.240; IO.AH.54.244 
IO.AH.55.157; IO.AH.55.158; IO.AH.55.196; 10j\H.55.223 
IO.AH.55.243; IO.AH.55.247; 10.AH.56.157; IO.AH.56.158 
10j\H.56.240; 10.AH.56.244; 10J^56.243; 10J^56.247 



10.AH.157.157 
10J\H.157.244 
IO.AH.196.196 
10.AH. 196.247 
IO.AH.223.240 
IO.AH.240.158 
10j\H.240.243 
IO.AH.244.223 
10j\H.247.157 
IO.AH.247.244 



IO.AH.157.158 
10.AH. 157.243 
10.AH. 196.223 
IO.AH.223.157 
lOJlH.223.244 
IO.AH.240.196 
IO.AH.240.247 
IO.AH.244.240 
10j\H.247.158 
IO.AH.247.243 



10 AH. 157.196 
lOAH. 157.247 
10.AH. 196.240 
IO.AH.223.158 
IO.AH.223.243 
IO.AH.240.223 
10.AH.244.157 
10,AH.244.244 
IO.AH.247.196 
IOAH.247.247 



10 AH. 157.223 
IOAH.196.157 
10.AH. 196.244 
IO.AH.223.196 
IO.AH.223.247 
IO.AH.240.240 
10AH.244.15& 
IO.AH.244.243 
IO.AH.247.223 



10.AH. 157.240 
IOAH.196.158 
IO.AH.196.243 
IO.AH.223.223 
IO.AH.240.157 
10.AH.240.244 
IO.AH.244.196 
IO.AH.244.247 
IO.AH.247.240 



Prodrugs of 10 AT 

IO.AJ.4.157; IO.AJ.4.158; IO.AJ.4.196; IO.AJ.4.223; IO.AJ.4.240; IO.AJ.4.244; 
IOAJ.4.243; IO.AJ.4.247; IO.AJ.5.157; IOAJ.5.158; IO.AJ.5.196; IO.AJ.5.223; 10.AJ.5.240; 
IO.AJ.5.244; IO.AJ.5.243; IO.AJ.5.247; IOAJ.7.157; IO.AJ.7.158; IO.AJ.7.196; IOAJ.7.223; 
IO.AJ.7.240; IO.AJ.7.244; IO.AJ.7.243; IO.AJ.7.247; IO.AJ.15.157; IO.AJ.15.158; 



IOAJ.15.196; IO.AJ.15.223 
IO.AJ.16.157; IO.AJ.16.158 
IO.AJ.16.243; IO.AJ.16.247 
10.AJ. 18.240; IO.AJ.18.244 
IO.AJ.26.196; IO.AJ.26.223 
IOAJ.27.157; IO.AJ.27.158 
IO.AJ.27.243; IO.AJ.27.247 
10.AJ.29.240; IO.AJ.29.244 
IO.AJ.54.196; IO.AJ.54.223 
IO.AJ.55.157; IO.AJ.55.158 
IO.AJ.55.243; IO.AJ.55.247 
10.AJ.56.240; IO.AJ.56.244 



IO.AJ.157.196 
IO.AJ.157.247 
10.AJ. 196.240 
IO.AJ.223.158 
IO.AJ.223.243 
IO.AJ.240.223 
IO.AJ.244.157 
IO.AJ.244.244 
IO.AJ.247.196 
IO.AJ.247.247 



lOAJ. 157.223 
IO.AJ.196.157 
10.AJ. 196.244 
IO.AJ.223.196 
IO.AJ.223.247 
IOAJ.240.240 
IO.AJ.244.158 
IO.AJ.244.243 
IOAJ.247.223 



lOAJ. 15.240; 10.AJ. 15.244 
IO.AJ.16.196; lOAJ. 16.223 
IO.AJ.18.157; IO.AJ.18.158 
IO.AJ.18.243; IO.AJ.18.247 
IO.AJ.26.240; IO.AJ.26.244 
IO.AJ.27.196; IO.AJ.27.223 
IOAJ.29.157; IO.AJ.29.158 
IOAJ.29.243; IO.AJ.29.247 
IO.AJ.54.240; IO.AJ.54.244 
IO.AJ.55.196; IO.AJ.55.223 
IO.AJ.56.157; IO.AJ.56.158 
IO.AJ.56.243; IO.AJ.56.247 
lOAJ. 157.240; IOAJ.157.244 
IO.AJ.196.158; IO.AJ.196.196 
10.AJ. 196.243; 10.AJ. 196.247 
IO.AJ.223.223; IOAJ.223.240 
10.AJ.240.157; IO.AJ.240.158 
IO.AJ.240.244; IO.AJ.240.243 
IO.AJ.244.196; IO.AJ.244.223 
IO.AJ.244.247; IO.AJ.247.157 
IO.AJ.247.240; IOAJ.247.244 



lOAJ. 15.243 
10.AJ. 16.240 
IOAJ.18.196 
IO.AJ.26.157 
IO.AJ.26.243 
IOAJ.27.240 
IO.AJ.29.196 
IO.AJ.54.157 
IOAJ.54.243 
IO.AJ.55.240 
IOAJ.56.196 



10.AJ. 15.247 
10.AJ. 16.244 
10.AJ. 18.223 
IO.AJ.26.158 
IO.AJ.26.247 
IOAJ.27.244 
IO.AJ.29.223 
IOAJ.54.158 
IO.AJ.54.247 
IO.AJ.55.244 



IO.AJ.56.223; 
IO.AJ.157.157; IO.AJ.157.158; 
10.AJ. 157.243; 
IO.AJ.196.223; 
IO.AJ.223.157; 
IO.AJ.223.244; 
IO.AJ.240.196; 
IO.AJ.240.247; 
IO.AJ.244.240; 
IO.AJ.247.158; 
IO.AJ.247.243; 



Prodrugs of lOAN 

IOAN.4.157; IO.AN.4.158; IO.AN.4.196; IO.AN.4.223; 10.AN.4.240; IO.AN.4.244; 
IOAN.4.243; IO.AN.4.247; IOAN.5.157; IOAN.5.158; IOAN.5.196; IOAN.5.223; 
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IO.AN.15.157 
10.AN. 15.243 
10.AN. 16.240 
IO.AN.18.196 
IO.AN.26.157 
lOJUSr.26.243 
IO.AN.27.240 
10j^.29.196 
IO.AN.54.157 
IO.AN.54.243 
IOJ^.55.240 
IOAN.56.196 
IO.AN.157.157 
lOJy^. 157.244 
10.AN. 196.196 
10.AN. 196.247 
10.AN.223.240 
10.AN.240.158 
10.AN.240.243 
IO.AN.244.223 
IO.AN.247.157 
IO.AN.247.244 



10j\N.15.158 
10. AN. 15.247 
10.AN. 16.244 
10.AN. 18.223 
IO.AN.26.158 
IO.AN.26.247 
IO.AN.27.244 
IOJ^.29.223 
IO.AN.54.158 
IO.AN.54.247 
IO.AN.55.244 



IOJU^.15.196; IO.AN.15.223 
IO.AN.16.157; 10j\N.16.158 
IO.AN.16.243; 10j\N. 16.247 
10.AN.18.240; IO.AN.18.244 
IO.AN.26.196; IO.AN.26.223 
IOJ^.27.157; IO.AN.27.158 
IO.AN.27.243; IO.AN.27.247 
10.AN.29.240; IO.AN.29.244 
IO.AN.54.196; IO.AN.54.223 
IO.AN.55.157; IO.AN.55.158 
IOJVN.55.243; IO.AN.55.247 



IO.AN.56.223; IO.AN.56.240; IO.AN.56.244 



IOAN.157.158 
IO.AN.157.243 
10.AN. 196.223 
IO.AN.223.157 
IO.AN.223.244 
10.AN.240.196 
10.AN.240.247 
10.AN.244.240 
IO.AN.247.158 
IO.AN.247.243 



IO.AN.157.196; 10.AN. 157.223 
10.AN. 157.247; IO.AN.196.157 
10. AN. 196.240; 10. AN. 196.244 
IOJ^.223.158; IOJ^.223.196 
IO.AN.223.243; IO.AN.223.247 
10wAN.240.223; 10.AN.240.240 
IO.AN.244.157; IO.AN.244.158 
IO.AN.244.244; IO.AN.244.243 
IO.AN.247.196; 10J\N.247.223 
IOJVN.247.247; 



10j\N.15.240 
IO.AN.16.196 
IO.AN.18.157 
IO.AN.18.243 
IO.AN.26.240 
10j\N.27.196 
IO.AN.29.157 
IO.AN.29.243 
IO.AN.54.240 
IO.AN.55.196 
10j\N.56.157 
IO.AN.56.243 

10.AN. 157.240 
10.AN.196.158 
10.AN. 196.243 
lOjysr.223.223 
IO.AN.240.157 
IO.AN.240.244 
IO.AN.244.196 
IO.AN.244.247 
10j\N.247.240 



10.AN. 15.244 
10. AN. 16.223 
IOJ^.18.158 
10.AN. 18.247 
IO.AN.26.244 
IOJ^.27.223 
IO.AN.29.158 
IO.AN.29.247 
IO.AN.54.244 
IO.AN.55.223 
10J\N.56.158. 
10j\N.56.247; 



Prodrugs of 10 AP 

IO.AP.4.157; IO.AP.4.158; IO.AP.4.196; IO.AP.4.223; 10.AP.4.240; IO.AP.4.244; 
IO.AP.4.243; IO.AP.4.247; IO.AP.5.157; IO.AP.5.158; IO.AP.5.196; IO.AP.5.223; 
IO.AP.5.240; IO.AP.5.244; IO.AP.5.243; IO.AP.5.247; IO.AP.7.157; IO.AP.7.158; 
IO.AP.7.196; 10J\P.7.223; 10.AP.7.240; IO.AP.7.244; IO.AP.7.243; IOJ^.7.247; 



IO.AP.15.157 
10.AP. 15.243 
10.AP. 16.240 
IO.AP.18.196 
IO.AP.26.157 
IO.AP.26.243 
IO.AP.27.240 
IO.AP.29.196 
IO.AP.54.157 
IOJ^P.54.243 
IO.AP.55.240 
IOJ^.56.196 
IO.AP.157.157 
IO.AP.157.244 
IO.AP.196.196 
10.AP. 196.247 
10.AP.223.24O 
10.AP.240.158 



10j\P.15.158 
10.AP. 15.247 
10.AP. 16.244 
10.AP. 18.223 
lOJtf.26.158 
IO.AP.26.247 
IO.AP.27.244 
IO.AP.29,223 
IO.AP.54.158 
IO.AP.54.247 
IO.AP.55.244 



IO.AP.15.196; 10.AP. 15.223 
IO.AP.16.157; IO.AP.16.158 
10j\P.16.243; lOJ^. 16.247 
IO.AP.18.240; IO.AP.18.244 
10j\P.26.196; 10j\P.26.223 
IO.AP.27.157; IO.AP.27.158 
IO.AP.27.243; IO.AP.27.247 
IO.AP.29.240; 10jVP.29.244 
IO.AP.54.196; IO.AP.54.223 
10j\P.55.157; 10JVP.55.158 
IO.AP.55.243; IO.AP.55.247 



IO.AP.56.223; 10.AP.56.240; IO.AP.56.244 



IO.AP.15.240 
10.AP.16.i96 
IOJVP.18.157 
IO.AP.18.243 
10j\P.26.240 
IO.AP.27.196 
10.AP.29.157 
IOJVP.29.243 
10.AP.54.240 
lOwAP.55.196 
10.AP.56. 157 
IO.AP.56.243 



IO.AP.15.244; 
10.AP.16.223; 
IO.AP.18.158; 
IO.AP.18.247; 
IO.AP.26.244; 
IO.AP.27.223; 
IO.AP.29.158; 
IOJVP.29.247; 
IO.AP.54.244; 
IO.AP.55.223; 
10j\P.56.158; 
IO.AP.56.247; 



10j\P.157.158 
10.AP. 157.243 
IO.AP.196.223 
IO.AP.223.157 
lOjyp.223.244 
IOJVP.240.196 



IO.AP.157.196; IO.AP.157.223 
10.AP. 157.247; IO.AP.196.157 
10jVP.196.240; IO.AP.196.244 
IO.AP.223.158; 10.AP.223.196 

10jVP.223.243; IO.AP.223.247 



IO.AP.157.240; 
10.AP.196.158; 
IO.AP.196.243; 
IO.AP.223.223; 
IO.AP.240.157; 



IOJVP.240.223; IO.AP.240.240; IO.AP.240.244; 
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IO.AP.240.243; IO.AP.240.247; 10J\P.244.157; IOJ^.244.158; 10^.244.196; 
IO.AP.244.223: IO.AP.244.240; IOJ^.244.244; IO.AP.244.243; IO.AP.244.247; 
IO.AP.247.157; IOJ^.247.158; 10j\P.247.196; IO.AP.247.223; 10j\P.247.240; 
IO.AP.247.244; IO.AP.247.243; IO.AP.247.247; 

Prodrugs of 10.AZ 

IO.AZ.4.157; IO.AZ.4.158; IO.AZ.4.196; IO.AZ.4.223; 10.AZ.4.240; 10.AZ4.244; 
10«AZ.4.243; 10^^4.247; IO.AZ.5.157; IOAZ.5.158; 10>AZ.5.196; IO.AZ.5.223; 
IO.AZ.5.240; IO.AZ.5.244; IO.AZ.5.243; IOAZ.5.247; IO.AZ.7.157; IO.AZ.7.158; 
IO.AZ.7.196; 10j^7.223; 10.AZ.7.240; IO.AZ.7.244; 10j\Z.7.243; IO.AZ.7.247; 



IO.AZ.15.157 
10.AZ. 15.243 
IO.AZ.16.240 
IO.AZ.18.196 
IO.AZ.26.157 
IO.AZ.26.243 
10.AZ.27.240 
IO.AZ.29.196 
IOAZ.54.157 
IO.AZ.54.243 
10.AZ.55.240 
IO.AZ.56.196 



IO.AZ.15.158 
IO.AZ.15.247 
10. AZ. 16.244 
10.AZ. 18.223 
IO.AZ.26.158 
IO.AZ.26.247 
IO.AZ.27.244 
IOAZ.29.223 
IO.AZ.54.158 
IO.AZ.54.247 
IO.AZ.55.244 



IO.AZ.56.223 
IO.AZ.157.157; IO.AZ.157.158 
IO.AZ.157.244; IO.AZ.157.243 
IO.AZ.196.196; IO.AZ.196.223 
10.AZ. 196.247; IO.AZ.223.157 
IO.AZ.223.240; IO.AZ.223.244 
10.AZ.240.158; 10AZ.240.196 
10.AZ.240.243; IO.AZ.240.247 
IO.AZ.244.223; 10j\Z.244.240 
IO.AZ.247.157; IO.AZ.247.158 
IO.AZ.247.244; IOAZ.247.243 



IO.AZ.15.196; IO.AZ.15.223 
10.AZ. 16.157; IOAZ.16.158 
IO.AZ.16.243; IO.AZ.16.247 
10.AZ.18.240; IO.AZ.18.244 
IO.AZ.26.196; IO.AZ.26.223 
IO.AZ.27.157; IO.AZ.27.158 
IOAZ.27.243; IO.AZ.27.247 
10j\Z.29.240; IO.AZ.29.244 
IO.AZ.54.196; IO.AZ.54.223 
IO.AZ.55.157; IO.AZ.55.158 
IO.AZ.55.243; IO.AZ.55.247 
10.AZ.56.240; IO.AZ.56.244 

IO.AZ.157.196; IO.AZ.157.223; IOAZ.157.240 
10.AZ. 157.247; IO.AZ.196.157; IOAZ.196.158 
10. AZ. 196.240; 10.AZ. 196.244; IO.AZ.196.243 
IO.AZ.223.158; 10.AZ223.196; IO.AZ.223.223 
IO.AZ.223.243; IO.AZ.223.247; 10.AZ.240.157 
IO.AZ.240.223; IO.AZ.240.240; IOAZ.240.244 
IO.AZ.244.157; IO.AZ.244.158; IO.AZ.244.196 
IO.AZ.244.244; IO.AZ.244.243; IO.AZ.244.247 
IO.AZ.247.196; 10.AZ247.223; 10.AZ.247.240 
IO.AZ.247.247; 



IO.AZ.15.240 
IO.AZ.16.196 
IO.AZ.18.157 
10. AZ. 18.243 
10.AZ.26.240 
IO.AZ.27.196 
IO.AZ.29.157 
IO.AZ.29.243 
10.AZ.54.240 
IO.AZ.55.196 
IO.AZ.56.157 
IO.AZ.56.243 



IO.AZ.15.244 
10j\Z. 16.223 
IO.AZ.18.158 
IO.AZ.18.247 
IO.AZ.26.244 
IO.AZ.27.223 
IO.AZ.29.158 
IO.AZ.29.247 
IO.AZ.54.244 
IO.AZ.55.223 
IO.AZ.56.158 
IO.AZ.56.247 



35 



40 



45 



Prodrugs of lO.BF 

IO.BF.4.157; IOJBF.4.158; IO.BF.4.196; IO.BF.4.223; IO.BF.4.240; IO.BF.4.244; 
10.BR4.243; IO.BF.4.247; 103F.5.157; IO.BF.5.158; IO.BF.5.196; IO.BF.5.223; 
IO.BF.5.240; IO.BF.5.244; IO.BF.5.243; IO.BF.5.247; IO.BF.7.157; IO.BF.7.158; 
IO.BF.7.196; 10;BF.7.223; IO.BF.7.240; IO.BF.7.244; IOJBF.7.243; 10^7.247; 



IO.BF.15.157 
10.BF. 15.243 
10.BF. 16.240 
10.BF. 18.196 
103F.26.157 
10JBR26.243 
IO.BF.27.240 
IO.BF.29.196 
10^54.157 
IO.BF.54.243 



IO.BF.15.158 
10.BF. 15.247 
10.BF. 16.244 
10.BF. 18.223 
IO.BF.26.158 
IO.BF.26.247 
IO.BF.27.244 
IO.BF.29.223 
IOJBF.54.158 
IO.BF.54.247 



IO.BF.15.196; IO.BF.15.223 
IO.BF.16.157; IO.BF.16.158 
10.BF. 16.243; IO.BF.16.247 
10.BF. 18.240; lO.BF. 18.244 
IO.BF.26.196; IO.BF.26.223 
IO.BF.27.157; IO.BF.27.158 
10J5F.27.243; IO.BF.27.247 
IO.BF.29.240; IO.BF.29.244 
IO.BF.54.196; IO.BF.54.223 
IO.BF.55.157; IO.BF.55.158 



IO.BF.15.240 
10mi6.196 
IO.BF.18.157 
10.BF; 18.243 
IO.BF.26.240 
IO.BF.27.196 
IO.BF.29.157 
IO.BF.29.243 
10.BF.54.240 
IO.BF.55.196 



10.BF. 15.244 
IO.BF.16.223 
IO.BF.18.158 
10.BF. 18.247 
IO.BF.26.244 
IO.BF.27.223 
IO.BF.29.158 
IO.BF.29.247 
IO.BF.54.244 
IO.BF.55.223 
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IOJBF.55.240; 103F.55.244; IO.BF.55.243; 103FJ5.247; 10.BF.5^.157; 103F.56.158; 
IO.BF.56.196; IO.BF.56.223; IO.BF.56.240; 103F.56.244; IO.BF.56.243; IO.BF.56.247; 



IOJBF.157.157 
IO.BF.157.244 
IO^F.196.196 
103F. 196.247 
10.BF.223.240 
103F.240.158 
IO.BF.240.243 
IO.BF.244.223 
IO.BF.247.157 



IO.BF.157.158 
10.BF. 157.243 
10.BF. 196.223 
IO.BF.223.157 
IO.BF.223.244 
103F.240.196 
10.BF.240.247 
IO.BF.244.240 
IO.BF.247.158 



IO.BF.247.244; IO.BF.247.243 



IO.BF.157.196 
103F. 157.247 
103F, 196.240 
IO.BF.223.158 
IO.BF.223.243 
103F.240.223 
IO.BF.244.157 
IO.BF.244.244 
IO.BF.247.196 
IO.BF.247.247 



10£F.157.223 
IO.BF.196.157 
103F. 196.244 
IOBF.223.196 
IO.BF.223.247 
10JBF.240.240 
IO.BF.244.158 
103F.244.243 
10.BR247.223 



IO.BF.157.240 
103F.196.158 
10.BF. 196.243 
IO.BF.223.223 
IO.BF.240.157 
10.BF.240J244 
103F.244.196 
IO.BF.244.247 
IO.BF.247.240 



Prodrugs of lO.CI 

10.CL4.157; 10.CL4.158; 10.CL4.196; 10.CL4.223; IO.CI.4.240; lO.a.4.244; 
lO.a.4.243; IO.CI.4.247; lO.a.5.157; lO.a.5.158; 10.CL5.196; lO.a.5.223; 10.CL5.240; 
10.CL5.244; IO.CI.5.243; 10.CL5.247; lO.a.7.157; 10.CL7.158; 10.CL7.196; 10.CL7.223; 
lO.a.7.240; 10.CL7.244; 10.0.7.243; lO.a.7.247; 10.CL15.157; 10.CL15.158; 



lO.a.15.196 
10.CL16.157 
lO.a.16.243 
lO.a.18.240 
lO.a.26.196 
lO.a.27.157 
lO.a.27.243 
10.CI.29.240 
IO.CI.54.196 
lO.a.55.157 
lO.a.55.243 



30 10.a.56.240; lO.a.56.244 



lO.a. 15.223 
lO.a.16.158 
lO.CI. 16.247 
lO.a.18.244 
lO.a.26.223 
10.CI.27. 158 
IO.CI.27.247 
lO.a.29.244 
10.CL54.223 
lO.a.55.158 
10.CL55.247 



10.a.l5.240; IO.CI.15.244 
lO.a.16.196; lO.a.16.223 
lO.a.18.157; lO.a.18.158 
lO.a.18.243; lO.a.18.247 
10.a.26.240; lO.a.26.244 
lO.a.27.196; 10.CL27.223 
lO.a.29.157; 10.CL29.158 
lO.a.29.243; lO.a.29.247 
lO.a.54.240; IO.CI.54.244 
lO.a.55.196; 10.CL55.223 
10.CI.56. 157; 10.CL56.158 



lO.a. 15.243 
10.CL 16.240 
lO.CI. 18.196 
lO.a.26.157 
lO.a.26.243 
lO.a.27.240 
10.CL29.196 
10.CL54.157 
IO.CI.54.243 
10.CL55.240 
lO.a.56.196 



lO.a. 15.247 
10.CL16.244 
lO.a.18.223 
lO.a.26.158 
10.CL26.247 
lO.a.27.244 
lO.a.29.223 
10.CL54.158 
10.CL54.247 
10.CL55.244 
10.CL56.223 



lO.a.56.243; 10.CL56.247 
IO.CI.157.196; lO.a.157.223; lO.a.157.240; lO.a.157.244 
10.CL196.157; 10.CL196.158; lO.a.196.196; lO.a.196.223 
lO.a.196.243; lO.a. 196.247; lO.a.223.157; 10.CL223.158 
10.a.223.240; lO.a.223.244; 10.0.223.243; 10.0223.247 
10.0240.196; 10.0.240.223; 10.O.240.240; 10.O.240.244 
10.O.244.157; 10.O.244. 158; 10.O.244.196; 10.0.244.223 
10.0244.243; IO.CI.244.247; 10.0.247.157; 10.O.247.158 
10.0247.240; 10.O.247.244; 10.O.247.243; 10.O.247.247 



10.0157.157; 10.0157.158; 



10.0157.243 
lO.0. 196.240 
10.0223.196 
10.O.240.157 
10.0240.243 
10.0244.240 
10.0247.196 



10.0.157.247 
lO.0. 196.244 
10.0223.223 
10.O.240.158 
10.CL240.247 
10.0.244.244 
10.0247.223; 



Prodrugs of lO.CO 

IO.CO.4.157; IO.CO.4.158; IO.CO.4.196; IO.CO.4.223; IO.CO.4.240; IO.CO.4.244; 
IO.CO.4.243; IO.CO.4.247; IO.CO.5.157; IO.CO.5.158; IO.CO.5.196; IO.CO.5.223; 
IO.CO.5.240; IO.CO.5.244; IO.CO.5.243; IO.CO.5.247; IO.CO.7.157; IO.CO.7.158; 
IO.CO.7.196; IO.CO.7.223; IO.CO.7.240; IO.CO.7.244; IO.CO.7.243; IO.CO.7.247; 
IO.CO.15.157; IO.CO.15.158; IO.CO.15.196; IO.CO.15.223; IO.CO.15.240; lO.CO. 15.244; 
IO.CO.15.243; IO.CO.15.247; IO.CO.16.157; IO.CO.16.158; IO.CO.16.196; IO.CO.16.223; 
IO.CO.16.240; IO.CO.16.244; IO.CO.16.243; IO.CO.16.247; IO.CO.18.157; IO.CO.18.158; 
IO.CO.18.196; IO.CO.18.223; 10.CO.18.240; 10.CO.18244; IO.CO.18.243; IO.CO.18.247; 
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10.CO.26. 157; 10.CO.26. 158 
IO.CO.26.243; IO.CO.26.247 
IO.CO.27.240; IO.CO.27.244 
10.CO.29. 196; IO.CO.29.223 
10.CO.54. 157; IO.CO.54.158 
IO.CO.54.243; IO.CO.54.247 
10.CO.55.240; IO.CO.55.244 
10.CO.56. 196; IO.CO.56.223 
10.CO. 157.157; IO.CO.157.158 
lO.CO. 157.244; IO.CO.157.243 
IO.CO.196.196; IO.CO.196.223 
10.CO. 196.247; 10.CO.223. 157 
10.CO.223.240; IO.CO.223.244 
10.CO.240. 158; 10.CO.240. 196 
IO.CO.240.243; IO.CO.240.247 
IO.CO.244.223; IO.CO.244.240 
10.CO.247. 157; 10.CO.247. 158 
IO.CO.247.244; IO.CO.247.243 



IO.CO.26.196; IO.CO.26.223; IO.CO.26.240; IO.CO.26.244 
IO.CO.27.157; IO.CO.27.158; IO.CO.27.196; IO.CO.27.223 
IO.CO.27.243: IO.CO.27.247: IO.CO.29.157; IO.CO.29.158 
IO.CO.29.240; IO.CO.29.244; IO.CO.29.243; IO.CO.29.247 
10.CO.54. 196; IO.CO.54.223; 10.CO.54.240; IO.CO.54,244 
IO.CO.55.157; IO.CO.55.158; IO.CO.55.196; IO.CO.55.223 
IO.CO.55.243; IO.CO.55.247; IO.CO.56.157; IO.CO.56.158 
IO.CO.56.240; IO.CO.56.244; IO.CO.56.243; IO.CO.56.247; 



IO.CO.157.196; IO.CO.157.223 
lO.CO. 157.247; IO.CO.196.157 
lO.CO. 196.240; IO.CO.196.244 
IO.CO.223.158; IO.CO.223.196 
IO.CO.223.243; IO.CO.223.247 
10.CO.240.223; IO.CO.240.240 
IO.CO.244.157; IO.CO.244.158 
IO.CO.244.244; IO.CO.244.243 
IO.CO.247.196; IO.CO.247.223 
IO.CO.247.247; 



lO.CO. 157.240 
IO.CO.196.158 
10.CO. 196.243 
IO.CO.223.223 
10.CO.240. 157 
IO.CO.240.244 
IO.CO.244.196 
IO.CO.244.247 
IO.CO.247.240 



Prodmgs of 11. AH 

ll.AH.4.157; 11j\H.4.158; ll.AH.4.196; 11j\H.4.223; ll.AH.4.240; llJ^.4.244; 
ll.AH.4.243; ll.AH.4.247; ll.AH.5.157; ll.AH.5.158; llj«Ji.5.196; ll.AH.5.223; 
11J\H.5.240; ll.AH.5.244; 11j\H.5.243; IIAH.5.247; ll.AH.7.157; lljyH.7.158; 
ll.AH.7.196; ll.AH.7.223; ll.AH.7.240; ll.AH.7.244; ll.AH.7.243; ll.AH.7.247; 



ll.AH.15.157 
11. AH. 15.243 
11.AH. 16.240 
ll.AH.18.196 
ll.AH.26.157 
ll.AH.26.243 
ll.AH.27.240 
ll.AH.29.196 
ll.AH.54.157 
ll.AH.54.243 
ll.AH.55.240 
ll.AH.56.196 



11.AH. 15.158 
11.AH. 15.247 
ll.AH.16.244 
11. AH. 18.223 
ll.AH.26.158 
11.AH26.247 
ll.AH.27.244 
ll.AH.29.223 
ll.AH.54.158 
ll.AH.54.247 
ll.AH.55.244 



ll.AH.15.196; ll.AH.15.223 
ll.AH.16.157; ll.AH.16.158 
ll.AH.16.243; ll.AH.16.247 
ll.AH.18.240; ll.AH.18.244 
ll.AH.26.196; llJ^H.26.223 
ll.AH.27.157; ll.AH.27.158 
ll.AH.27.243; ll.AH.27.247 
1 1 .AH.29.240; 1 1 .AH.29.244 
llj\H.54.196; llj\H.54.223 
ll.AH.55.157; ll.AH.55.158 
11.AH55.243; llJ\H.55.247 
llj\H.56.240; ll.AH.56.244 

11. AH. 157.223 
ll.AH.196.157 



45 



ll.AH.56.223 
ll.Aai57.157; ll.AH.157.158; ll.AH.157.196 
ll.AH.157.244; U.AH. 157.243; ll.AH.157.247 
ll.AH.196.196; llj\H. 196.223; IIAJH.196.240 
11 .AH. 196.247; ll.AH.223.157; ll.AH.223.158 
ll.AH.223.240; ll.AH.223.244; ll.AH.223.243 
11~AH.240.158; IIJ^.240.196; 1 1 JVH.240.223 
ll.AH.240.243; ll.AH.240.247; ll.AH.244.157 
ll.AH.244.223; ll.AH.244.240; ll.AH.244.244 
ll.AH.247.157; ll.AH.247.158; ll.AH.247.196 
llj^H.247.244; 1 1 j\H.247.243; ll.AH.247.247 



llj\H 196.244 
llj\H.223.196 
ll.AH.223.247 
ll.AH.240.240 
ll.AH.244.158 
ll.AH.244.243 
11J\H.247.223 



ll.AH.15.240 
ll.AH.16.196 
ll.AH.18.157 
11.AH. 18.243 
ll.AH.26.240 
11J\H.27.196 
ll.AH.29.157 
ll.AH.29.243 
llJVH.54.240 
ll.AH.55.196 
ll.AH.56.157 
11J\H.56.243 

11.AH. 157.240 
11.AH.196.15& 
11 AH. 196.243 
IIAH.223.223 
ll.AH.240.157 
11j\H.240.244 
ll.AH.244.196 
ll.AH.244.247. 
IIAH.247.240; 



ll.AH.15.244 
11.AH. 16.223 
ll.AH.18.158 
11. AH. 18.247 
ll.AH.26.244 
ll.AH.27.223 
ll.AH.29.158 
ll.AH.29.247 
11.AH54.244 
11.AH55.223 
ll.AH.56.158 
11.AH56.247 



Prodrugs of 11 AT 
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ll.AJ.4.157; 11^.4.158; llAr.4.196; IIAF.4.223; 11^.4.240; ll.AJ.4.244; 
ll.AJ.4.243; ll.AJ.4.247; ll.AJ.5.157; ll.AJ.5.158; ll.AJ.5.196; ll.AJ.5.223; ll.AJ.5.240; 
llAr.5.244; llAr.5.243; 11«AJ.5.247; ll.AJ.7.157; 11j\J.7.158; ll.AJ.7.196; ll.AJ.7.223; 
ll.AJ.7.240; ll.AJ.7.244; ll.AJ.7.243; ll.AJ.7.247; ll.AJ.15.157; ll.AJ.15.158; 



llAr.15.196 
llAr.16.157 
11.AJ. 16.243 
ll.AJ.18.240 
ll.AJ.26.196 
ll.AJ.27.157 
ll.AJ.27.243 
llAr.29.240 
ll.AJ^4.196 
ll.AJ.55.157 
ll.AJ.55.243 
ll.AJ.56.240 
llJU.157.196 
ll.AJ.157.247 
11. AJ. 196.240 
ll.AJ.223.158 
ll.AJ.223.243 
IIAF.240.223 
IIAJ.244.157 
ll.AJ.244.244 
IIAF.247.196 
ll.AJ.247.247 



11 AT. 15.223 
ll.AJ.16.158 
ll.AJ.16.247 
ll.AJ.18.244 
ll.AJ.26.223 
11.AJ..27.158 
ll.AJ.27.247 
ll.AJ.29.244 
ll.AJ.54.223 
ll.AJ.55.158 
ll.AJ.55.247 
ll.AJ.56.244 



11.AJ. 15.240; llAr.15.244 
ll.AJ.16.196; ll.AJ.16.223 
ll.AJ.18.157; ll.AJ.18.158 
IIAJ.18.243; IIAF.18.247 
ll.AJ.26.240; ll.AJ.26.244 
ll.AJ.27.196; llAr.27.223 
ll.AJ.29.157; ll.AJ.29.158 
1 1 .AJ.29.243; 1 1 .AJ.29.247 
11 AF.54.240; ll.AJ.54.244 
ll.AJ.55.196; ll.AJ.55.223 
ll.AJ.56.157; ll.AJ.56.158 
ll.AJ.56.243; ll.AJ.56.247 
11.AJ. 157.223; 11.AJ. 157.240; ll.AJ.157.244 
11j\J.196.157; ll.AJ.196.158; ll.AJ.196.196 
11.AJ. 196.244; ll.AJ.196.243; ll.AJ.196.247 
llj\J.223.196; 1 1 j\J.223.223; 1 l.AJ.223.240 
ll.AJ.223.247; ll.AJ.240.157; ll.AJ.240.158 
ll.AJ.240.240; ll.AJ.240.244; ll.AJ.240.243 
IIAF.244.158; ll.AJ.244.196; ll.AJ.244.223 
ll.AJ.244.243; ll.AJ.244.247; 1 1 .AJ.247. 157 
lljy.247.223; 1 1 AJ.247.240; ll.AJ.247.244 



ll.AJ.15.243 
ll.AJ.16.240 
11 .AJ. 18. 196 
ll.AJ.26.157 
ll.AJ.26.243 
ll.AJ.27.240 
ll.AJ.29.196 
ll.AJ.54.157 
ll.AJ.54.243 
ll.AJ.55.240 
ll.AJ.56.196 



HAT. 15.247; 
llAF. 16.244; 
ll.AJ.18.223; 
ll.AJ.26.158; 
ll.AJ.26.247; 
llAr.27.244; 
lljyr.29.223; 
llAr.54.158; 
llAr.54.247; 
ll.AJ.55.244; 



ll.AJ.56.223; 
ll.AJ.157.157; ll.AJ.157.158; 
ll.AJ.157.243; 
ll.AJ.196.223; 
ll.AJ.223.157; 
ll.AJ.223.244; 
ll.AJ.240.196; 
ll.AJ.240.247: 
ll.AJ.244.240; 
IIJU.247.158; 
IIAF.247.243: 



Prodrugs of ll.AN 

ll.AN.4.157; ll.AN.4.158; ll.AN.4.196; ll.AN.4.223; ll.AN.4.240; ll.AN.4.244; 
llj\N.4.243; ll.AN.4.247; ll.AN.5.157; ll.AN.5.158; ll.AN.5.196; ll.AN.5.223; 
ll.AN.5.240; ll.AN.5.244; ll.AN.5.243; ll.AN.5.247; ll.AN.7.157; ll.AN.7.158; 
llj\N.7.196; ll.AN.7.223; IIJ^.7.240; ll.AN.7.244; ll.AN.7.243: ll.AN.7.247; 



ll.AN.15.157 
1 LAN. 15.243 
ll.AN.16.240; 
ll.AN.18.196 
lljysi.26.157 
ll.AN.26.243 
ll.AN.27.240 
ll.AN.29.196 
ll.AN.54.157 
ll.AN.54.243 
ll.AN.55.240 
ll.AN.56.196 



ll.AN.15.158 
1 LAN. 15.247 
IIJ^. 16.244 
1 LAN. 18.223 
11J\N.26.158 
ll.AN.26.247 
ll.AN.27.244 
IIJ^.29.223 
ILAN.54.158 
llJ^.54.247 
llj\N.55.244 
ILAN.56.223 



ll.AN.15.196; ll.AN.15.223; ll.AN.15.240 
ll.AN.16.157; ll.AN.16.158; ll.AN.16.196 
IIAN.16.243; IIJVN.16.247; 11J\N.18.157 
ll.AN.18.240; ILAN.18.244; ILAN.18.243 
11J\N.26.196; llj\N.26.223; ILAN.26.240 
ILAN.27.157; ll.AN.27.158; il.AN.27.196 
llJ^.27.243; ILAN.27.247; ll.AN.29.157 
11J\N.29.240; ILAN.29.244; ILAN.29.243 
ILAN.54.196; ll.AN.54.223; ll.AN.54.240 
11J\N.55.157; llJVN.55.158; 11j\N.55.196 



11. AN. 15.244 
1 LAN. 16.223 
IIJ^.18.158 
1 LAN. 18.247 
llj\N.26.244 
IIJVN.27.223 
ll.AN.29.158 
ll.AN.29.247 
ll.AN.54.244 
IIJVN.55.223 
ll.AN.56.158 



11J\N.55.243; ll.AN.55.247; ll.AN.56.157 
ILAN.56.240; ll.AN.56.244; ll.AN.56.243; ll.AN.56.247 
11~AN.157.157; ILAN.157.158; 1 LAN. 157. 196; ILAN.157.223; ILAN.157.240 
IIAN.157.244; ILAN.157.243; ll.AN. 157.247; ll.AN.196.157; ll.AN.196.158 
IIJ^.196.196; ll.AN.196.223; llJVN.196.240; ll.AN.196.244; ll.AN.196.243 
llj\N. 196.247; ILAN.223.157: ILAN.223.158; ll.AN.223.196; ILAN.223.223 
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11j\N.223.240; 11.AN.223.244; 11.AN.223.243; 11.AN.223. 247; ll.AN.240.157; 
llJVN.240.158; 11.AN.240.196; ll.AN.240.223; IIJ^.240.240; ll.AN.240.244: 
ll.AN.240.243; llJ^.240.247; ll.AN.244.157; ll.AN.244.158; ll.AN.244.196i 
ll.AN.244.223; ll.AN.244.240; ll.AN.244.244; ll.AN.244.243; llj\N.244.247: 
5 IIJ^.247.157; ll.AN.247.158; ll.AN.247.196; ll.AN:247.223; 1 1 AN.247.240: 
IIJ^.247.244; ll.AN.247.243; ll.AN.247.247; 
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Prodrugs of 11~AP 

ll.AP.4.157; ll.AP.4.158; ll.AP.4.196; ll.AP.4.223; ll.AP.4.240; ll.AP.4.244; 
ll.AP.4.243; ll.AP.4.247; ll.AP.5.157; ll.AP.5.158; 11j\P.5.196; ll.AP.5.223; 
ll.AP.5.240; ll.AP.5.244; ll.AP.5.243; ll.AP.5.247; ll.AP.7.157; ll.AP.7.158; 
ll.AP.7.196; IIJ^.7.223; ll.AP.7.240; ll.AP.7.244; ll.AP.7.243; ll.AP.7.247; 



ll.AP.15.157 
ll.AP.15.243 
1 LAP. 16.240 
ll.AP.18.196 
ll.AP.26.157 
11J\P.26.243 
ll.AP.27.240 
ll.AP.29.196 
ll.AP.54.157 
ll.AP.54.243 
llj\P.55.240 
ll.AP.56.196 
11J\P.157.157 
llja>. 157.244 
ll.AP.196.196 
ll.AP.196.247 
ll.AP.223.240 
ll.AP.240.158 
ll.AP.240.243 
ll.AP.244.223 
11j\P.247.157 



ll.AP.15.158 

11.AP. 15.247 
ll.AP.16.244 
1 LAP. 18.223 
ILAP.26.158 
ILAP.26.247 
ILAP.27.244 
ll.AP.29.223 
ll.AP.54.158 
IIAP.54.247 
ll.AP.55.244 
ILAP.56.223 
IIJ^. 157.158 
ILAP.157.243 
UJ^. 196.223 
11J\P.223.157 
ll.AP.223.244 
11JU>.240.196 
ILAP.240.247 
IIJ^.244.240 
ll.AP.247.158 



ll.AP.247.244; ll.AP.247.243 



Il.AP.15.196; ll.AP.15.223 
ILAP.16.157; ll.AP.16.158 
IIJ^.16.243; 1 LAP. 16.247 
ILAP.18.240; ILAP.18.244 
11_AP.26.196; ILAP.26.223 
IIJ^.27.157; ll.AP.27.158 
ILAP.27.243; ILAP.27.247 
ll.AP.29.240; ll.AP.29.244 
ILAP.54.196; ILAP.54.223 
ll.AP.55.157; ll.AP.55.158 
ll.AP.55.243; ILAP.55.247 
ILAP.56.240; ILAP.56.244 
ll.AP.157.196; ll.AP.157.223 
ILAP.157.247; ll.AP.196.157 
ILAP.196.240; ll.AP.196.244 
ILAP.223.158; ll.AP.223.196 
ll.AP.223.243; ll.AP.223.247 
ll.AP.240.223; ll.AP.240.240 
ll.AP.244.157; ll.AP.244.158 
ll.AP.244.244; ILAP.244.243 
ll.AP.247.196; ll.AP.247.223 
ll.AP.247.247; 



IIJ^. 15.240 
ll.AP.16.196 
ll.AP.18.157 
1 LAP. 18.243 
ILAP.26.240 
ll.AP.27.196 
ILAP.29.157 
ll.AP.29.243 
ll.AP.54.240 
ll.AP.55.196 
ll.AP.56.157 
ll.AP.56.243 

IIJVP.157.240 
ll.AP.196.158 
11.AP. 196.243 
llJ^.223.223 
ILAP.240.157 
ILAP.240.244 
IIJVP.244.196 
ILAP.244.247 
llj^.247.240 



ILAP.15.244 
ll.AP.16.223 
ILAP.18.158 
ll.AP.18.247 
ll.AP.26.244 
ll.AP.27.223 
ILAP.29.158 
ILAP.29.247 
ll.AP.54.244 
ll.AP.55.223 
ILAP.56.158 
ll.AP.56.247 



Prodrugs of 11 AZ 

ll.AZ.4.157; IIJVZ.4.158; 
ll.AZ.4.243; ILAZ.4.247; 11 
11J\Z.5.240; ll.AZ.5.244; 11 
11J\Z.7.196; 11J^7.223; 11 
ll.AZ.15.157; ll.AZ.15.158; 
ll.AZ.15.243; ll.AZ.15.247; 
11.AZ. 16.240; ILAZ.16.244; 
ILAZ.18.196; ll.AZ.18.223; 
ILAZ.26.157; ll.AZ.26.158; 
ll.AZ.26.243; ll.AZ.26.247; 
11J^27.240; 11J\Z.27.244; 
ll.AZ.29.196; IIAZ.29.223; 



ll.AZ.4.196; ll.AZ.4.223; ll.AZ.4.240; 11J^4.244; 
.AZ.5.157; IIAZ.5.158; ILAZ.5.196; ll.AZ.5.223; 
.AZ.5.243; 11.AZ5.247; ILAZ.7.157; ll.AZ.7.158; 
.AZ.7.240; ll.AZ.7.244; ll.AZ.7.243; ll.AZ.7.247; 
ILAZ.15.196; ILAZ.15.223; ll.AZ.15.240; ILAZ.15.244 
ILAZ.16.157; ll.AZ.16.158; ll.AZ.16.196; ll.AZ.16.223 
ll.AZ.16.243; ll.AZ.16.247; ll.AZ.18.157; ll.AZ.18.158 
ll.AZ.18.240; ILAZ.18.244; ll.AZ.18.243; ILAZ.18.247 
IIJ^.26.196; ll.AZ.26.223; ll.AZ.26.240; IIAZ.26.244 
ILAZ.27.157; ll.AZ.27.158; ll.AZ.27.196; ll.AZ.27.223 
11_AZ.27.243; ll.AZ.27.247; ll.AZ.29.157; ll.AZ.29.158 
IIAZ.29.240; ll.AZ.29.244; ll.AZ.29.243; 11j\Z.29.247 
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llj\Z.54.157; ll.AZ.54.158; 11 
11j\Z.54.243; ll.AZ.54.247; 11 
11^55.240; ll.AZ.55.244; 11 
11J^56.196; IIJ^.56.223; 11 



.AZ.54.196; 11J^54.223; 11.AZ.54JJ40; ll.AZ.54.244; 
.AZ.55.157; ll.AZ.55.158; ll.AZ.55.196; ll.AZ.55.223; 
.AZ.55.243; llJ\Z.55.247; ll.AZ.56.157; ll.AZ.56.158; 
.AZ.56.240; 11J\Z56.244; ll.AZ.56.243; ll.AZ.56.247; 



ll.AZ.157.157 
ll.AZ.157.244 
11J^196.196 
IIAZ.196.247 
IIJ^Z.223.240 
11.AZ240.158 
ll.AZ.240.243 
11.AZ244.223 
ll.AZ.247.157 
ll.AZ.247.244 



ll.AZ.157.158 
ll.AZ.157.243 
11.AZ. 196.223 
ll.AZ.223.157 
ll.AZ.223.244 
ll.AZ.240.196 
ll.AZ.240.247 
ll.AZ.244.240 
ll.AZ.247.158 
11.AZ247.243 



ll.AZ.157.196 
11 j\Z. 157.247 
11.AZ. 196.240 
11J^223.158 
ll.AZ.223.243 
ll.AZ.240.223 
11J\Z.244.157 
1 l.AZ.244.244 
ll.AZ.247.196 
ll.AZ.247.247 



11.AZ. 157.223 
ll.AZ.196.157 
11.AZ. 196.244 
IIJ^.223.196 
ll.AZ.223.247 
ll.AZ.240.240 
ll.AZ.244.158 
IIJ^.244.243 
IIJ^.247.223 



ILAZ.157.240 

ll.AZ.196.158 

11.AZ. 196.243 

ll.AZ.223.223 

ll.AZ.240.157 

ll.AZ.240.244 

ll.AZ.244.196 

ll.AZ.244.247. 

ll.AZ.247.240; 



Prodrugs of ll.BF 

ll.BF.4.157; ll.BF.4.158; ll.BF.4.196; ll.BF.4.223; 11.BR4.240; ll.BF.4.244; 
ll.BF.4.243; ll.BF.4.247; ll.BF.5.157; ll.BF.5.158; ll.BF.5.196; ll.BF.5.223; 
ll.BF.5.240; ll.BF.5.244; ll.BF.5.243; ll.BF.5.247; ll.BF.7.157; ll.BF.7.158; 
ll.BF.7.196; ll.BF.7.223; ll.BF.7.240; ll.BF.7.244; ll.BF.7.243; ll.BF.7.247; 



ll.BF.15.157 
11.BF. 15.243 
ll.BF.16.240 
ll.BF.18.196 
11.BR26.157 
ll.BF.26.243 
ll.BF.27.240 
11.BR29.196 
ll.BF.54.157 
ll.BF.54.243 
ll.BF.55.240 
ll.BF.56.196 



ll.BF.15.158 
ll.BF.15.247 
ll.BF.16.244 
11.BF. 18.223 
ll.BF.26.158 
ll.BF.26.247 
ll.BF.27.244 
ll.BF.29.223 
ll.BF.54.158 
ll.BF.54.247 
ll.BF.55.244 
ll.BF.56.223 



ll.BF.15.196; ll.BF.15.223 
11.BF. 16.157; 11.BR16.158 
11.BF. 16.243; 11.BR16.247 
11.BR18.240; 11.BR18.244 
11.BR26.196; 113F.26.223 
ll.BF.27.157; ll.BF.27.158 
ll.BF.27.243; ll.BF.27.247 
ll.BF.29.240; 11.BR29.244 
11.BR54.196; 11.BR54.223 
ll.BF.55.157; 11.BR55.158 
11.BR55.243; ll.BF.55.247 



11.BR15.240 
ll.BF.16.196 
11. BR 18. 157 
11.BR18.243 
11.BR26.240 
ll.BF.27.196 
11.BR29.157 
11.BR29.243 
1 1.BR54.240 
ll.BF.55.196 
ll.BF.56.157 
11.BR56.243 



11.BF. 15.244 
11.BF. 16.223 
ll.BF.18.158 
ll.BF.18.247 
11.BR26.244 
ll.BF.27.223 
11.BR29.158 
ll.BF.29.247 
ll.BF.54.244 
11.BR55.223 
11.BR56.158 
ll.BF.56.247 



ll.BF.56.240; 11.BR56.244 
ll.BF.157.157; 11.BR157.158; 11.BR157.196; ll.BF.157.223; IIJBF.157.240 
11. BR 157.244; ll.BF.157.243; ll.BF.157.247; 11. BR 196.157; 11. BR 196. 158 
ll.BR196,196; 11.BR196.223; 11.BR196.240; lliR196.244; 11.BR196.243 
11.BR196.247; ll.BF.223.157; 113F.223.158; ll.BF.223.196; ll.BF.223.223 
ll.BF.223.240; ll.BF.223.244; ll.BF.223.243; ll.BF.223.247; ll.BF.240.157 
11.BR240.158; ll.BF.240.196; ll.BF.240.223; 11£R240.240; 11.BR240.244 
ll.BF.240.243; ll.BF.240.247; ll.BF.244.157; ll.BF.244.158; 11.BR244.196 
ll.BF.244.223; ll.BF.244.240; 1 13F.244.244; ll.BF.244.243; ll.BF.244.247 
ll.BF.247.157; ll.BF.247.158; ll.BF.247.196; 11.BR247.223; 113F.247.240 
1 l.BF.247.244; 1 l.BF.247.243; 1 1.BR247.247; 



Prodrugs of ll.a 

11.CL4.157; 11.CL4.158; 11.CL4.196; 11.CL4.223; 11.CL4J240; ll.a.4.244; 
ll.a.4.243; ll.a.4.247; ll.CI.5.157; ll.a.5.158; ll.a.5.196; ll.a.5.223; 11.CL5.240; 
ll.a.5.244; ll.a.5.243; ll.a.5.247; ll.CI.7.157; 11.CL7.158; 11.CL7.196; ll.a.7.223; 
ll.a.7.240; ll.a.7.244; 11.CX7.243; 11.0.7.247; 11.CL15.157; 11.CL15.158; 
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11.CL15.196; 11.0.15.223 
ll.a.16.157; ll.a.16.158 
ll.a.16.243; 11.CL16.247 
11.CL18.240; ll.a.18.244 
U.a.26.196; 11.0.26.223 
ll.a.27.157; 11.0.27.158 
ll.a.27.243; 11.0.27.247 
ll.a.29.240; 11.0.29.244 
ll.a.54.196; 11.0.54.223 
ll.a.55.157; 11.055.158 
ll.a.55.243; 11.055.247 
ll.a.56.240; 11.0.56.244 



11.0.15.240; ll.a.15.244 
11.016.196; 11.016.223 
ll.a.18.157; ll.a.18.158 
11.0.18.243;ll.a.l8.247 
ll.a.26.240; 11.0.26.244 
11.027.196; 11.0.27.223 
11.0.29.157; 11.0.29.158 
11.0.29.243; 11.0.29.247 
11.054.240; 11.054.244 
ll.a.55.196; 11.0.55.223 
11.056.157; 11.0.56.158 



11.0.15.243 
11.016.240 
11.018.196 
11.026.157 
11.026.243 
11.O.27.240 
11.0.29.196 
11.0.54.157 
11.054.243 
11.055.240. 
11.056.196; 



ll.a.15.247 
11.016.244 
11.018.223 
11.026.158 
11.0.26.247 
ll.a.27.244 
11.029.223 
11.054.158 
11.054.247 
11.0.55.244 



11.056.223 
11.0.157.157; 11.0157.158; 

U.0 157.247 



ll.a.56.243; 11.0.56.247 
11.0.157.196; 11.0157.223; 11.0.157.240; 11.0.157.244; 11.0.157.243 
ll.a.196.157; 11.0.196.158; 11.0196.196; 11.0196.223; 11.0196.240 
11.0.196.243; 11.0.196.247; 11.0.223.157; 11.0.223.158; 11.0223.196 
11.O.223.240; 11.0223.244; 1 1.0.223.243; 11.0223.247; 11.0240.157 
11.O.240.196; 11.O.240.223; 11.O.240.240; 11.0.240.244; 11.0240.243 
ll.a.244.157; 11.0244.158; 11.0.244.196; 11.0.244.223; 11.O.244.240 
11.0244.243; 11.0.244.247; 11.0247.157; 11.0.247.158; 11.0247.196; 11.0247.223 
11.0.247.240; 1 1.0.247.244; 11.0.247.243; 11.0247.247; 



U.0 196.244 
11.0223.223 
11.0240.158 
11.0240.247 
ll.a.244.244 



Prodrugs of ll.CO 

ll.CO.4.157; ll.CO.4.158; ll.CO.4.196; ll.CO.4.223; ll.CO.4.240; ll.CO.4.244; 
ll.CO.4.243; ll.CO.4.247; ll.CO.5.157; ll.CO.5.158; ll.CO.5.196; ll.CO.5.223; 
ll.CO.5.240; ll.CO.5.244; ll.CO.5.243; ll.CO.5.247; ll.CO.7.157; ll.CO.7.158; 
ll.CO.7.196; ll.CO.7.223; ll.CO.7.240; ll.CO.7.244; ll.CO.7.243; ll.CO.7.247; 



11. CO. 15. 157 
11.CO. 15.243 
ll.CO.16.240 
ll.CO.18.196 
ll.CO.26. 157 
ll.CO.26.243 
ll.CO.27.240 
ll.CO.29.196 
ll.CO.54. 157 
ll.CO.54.243 
ll.CO.55.240 
ll.CO.56. 196 
ll.CO.157.157 
ll.CO. 157.244 
ll.CO.196.196 
ll.CO.196.247 
ll.CO.223.240 
11.CO.240. 158 
ll.CO.240.243 
ll.CO.244.223 
ll.CO.247.157 



11. CO. 15. 158 
ll.CO.15.247 
11. CO. 16.244 
11. CO. 18.223 
ll.CO.26. 158 
ll.CO.26.247 
ll.CO.27.244 
ll.CO.29.223 
ll.CO.54. 158 
ll.CO.54.247 
ll.CO.55.244 
ll.CO.56.223 
ll.CO. 157.158 
ll.CO. 157.243 
ll.CO. 196.223 
ll.CO.223.157 
ll.CO.223.244 
ll.CO.240.196 
ll.CO.240.247 
ll.CO.244.240 
ll.CO.247. 158 



ll.CO.15.196; ll.CO.15.223; ll.CO.15.240 
ll.CO.16.157; ll.CO.16.158; ll.eo.16.196 
ll.CO.16.243; ll.CO.16.247; ll.CO.18.157 
ll.CO.18.240; ll.CO.18.244; ll.CO.18.243 
ll.CO.26. 196; ll.CO.26.223; ll.CO.26.240 
ll.CO.27.157; ll.CO.27.158; ll.CO.27.196 
ll.CO.27.243; ll.CO.27.247; ll.CO.29. 157 
ll.CO.29.240; ll.CO.29.244; ll.CO.29.243 
ll.CO.54.196; ll.CO.54.223; ll.CO.54.240 
ll.CO.55.157; ll.CO.55.158; ll.CO.55.196 
ll.CO.55.243; ll.CO.55.247; ll.CO.56.157 
ll.CO.56.240; ll.CO.56.244; ll.CO.56.243 



ll.CO. 15.244 
ll.CO. 16.223 
ll.CO.18.158 
ll.CO. 18.247 
ll.CO.26.244 
ll.CO.27.223 
ll.CO.29. 158 
ll.CO.29.247 
ll.CO.54.244 
ll.CO.55.223 
ll.CO.56.158 
ll.CO.56.247; 



ll.CO.247.244; ll.CO.247.243; 



ll.CO.157.196; ll.CO.157.223 
ll.CO.157.247; ll.CO.196.157 
ll.CO.196.240; ll.CO.196.244 
ll.CO.223-158; ll.CO.223.196 
ll.CO.223.243; ll.CO.223.247 
ll.CO.240.223; 1 l.CO.240.240 
ll.CO.244.157; ll.CO.244.158 
ll.CO.244.244; 1 l.CO.244.243 
ll.CO.247.196; ll.CO.247.223 
ll.CO.247.247; 



ll.CO.157.240 
ll.CO. 196.158 
ll.CO.196.243 
ll.CO.223.223 
ll.CO.240.157 
ll.CO.240.244 
ll.CO.244. 196 
ll.CO.244.247 
ll.CO.247.240 
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Prodrugs of 12.AH 

12j\H.4.157; 12.AHA158; 12j\H.4.196; 12.AH.4.223; 12AH.4.240; 12.AH.4.244; 
12^.4.243; 12.AH.4.247; 12.AH.5.157; 12.AH.5.158; 12.AH.5.196; 12.AH.5.223; 
12AH.5.240; 12.AH.5.244; 12J^.5.243; 12.AH.5.247; 12.AH.7.157; 12J^.7.158; 
12J^H.7.196; 12.AH.7.223; 12.AH.7.240; 12.AH.7.244; 12.AH.7.243; 12.AH.7.247; 



12.AH.15.157 
12^^15.243 
12.AH. 16.240 
12j\H. 18.196 
12JVH.26.157 
12jVH.26.243 
12.AH.27.240 
12AH.29.196 
12J^.54.157 
12JVH.54.243 
12.AH.55.240 
12.AH.56.196 
12.AH.157.157 
12.AH. 157.244 
12^^.196.196 
12. AH. 196.247 
12AH.223.240 
12.AH.240.158 
12j^.240.243 
12J\H.244.223 
12.AH.247.157 
12j^.247.244 



12.AH.15.158 
12 15.247 
12. AH. 16.244 
12J\H.18.223 
12.AH.26.158 
12.AH.26.247 
12J\H.27.244 
12.AH.29.223 
12AH.54.158 
12.AH.54.247 
12.AH.55.244 
12^^56.223 
12.AH.157.158 
12.AH. 157.243 
12.AH. 196.223 
12.AH.223.157 
12j\H.223.244 
12.AH.240.196 
12.AH.240.247 
12.AH.244.240 
12.AH.247. 158 
12.AH.247.243 



12.AH.15.196; 12.AH.15.223; 12.AH.15.240 
12J^16.157; 12j\H.16.158; 12J^.16.196 
12.AH. 16.243; 12.AH.16.247; 12.AH.18.157 
12^^.18.240; 12.AH.18.244; 12j\H.18.243 
12J^.26.196; 12.AH.26.223; 12.AH.26.240 
12.AH.27.157; 12.AH.27.158; 12.AH.27.196 
12j\H.27.243; 12JVH.27.247; 12.AH.29.157 
12.AH.29.240; 12.AH.29.244; 12.AH.29.243 
12j\H.54.196; 12.AH.54.223; 12.AH.54.240 
12.AH.55.157; 12J^.55.158; 12.AH.55.196 
12j\H.55.243; 12.AH.55.247; 12.AH.56.157 
12j\H.56.240; 12j\H.56.244; 12.AH.56.243 



12.AH. 15.244 
12 j\H. 16.223 
12.AH.18.158 
12j\H. 18.247 
12.AH.26.244 
12.AH.27.223 
12j\H.29.158 
12.AH.29.247 
12.AH.54.244 
12.AH.55.223 
12.AH.56.158 
12j\H.56.247 



12.AH.157.196; 12.AH.157.223 
12.AH.157.247; 12.AH. 196.157 
12.AH. 196.240; 12.AH. 196.244 
12.AH.223.158; 12.AH.223.196 
12.AH.223.243; 12.AH.223.247 
12.AH.240.223; 12.AH.240.240 
12.AH.244.157; 12.AH.244.158 
12.AH.244.244; 12.AH.244.243 
12.AH.247.196; 12.AH.247.223 
12.AH.247.247; 



12.AH. 157.240 
12.AH.196.158 
12.AH. 196.243 
12.AH.223.223 
12.AH.240.157 
12.AH.240.244 
12.AH.244.196 
12.AH.244.247 
12.AH.247.240 



Prodrugs of 12.AT 

12.AJ.4.157; 12.AJ.4.158; 12.AJ.4.196; 12.AJ.4.223; 12.AJ.4.240; 12.AJ.4.244; 
12.AJ.4.243; 12.AJ.4.247; 12.AJ.5.157; 12.AJ.5.158; 12.AJ.5.196; 12.AJ.5.223; 12.AJ.5.240; 
12Ar.5.244; 12.AJ.5.243; 12j\J.5.247; 12Ar.7.157; 12.AJ.7.158; 12.AJ.7.196; 12.AJ.7.223; 
12.AJ.7.240; 12.AJ.7.244; 12.AJ.7.243; 12.AJ.7.247; 12Ar.l5.157; 12.AJ.15.158; 



12Ar.l5.196 
12.AJ.16.157 
12.AJ. 16.243 
12Ar.l8.240 
12.AJ.26.196 
12Ar.27.157 
12.AJ.27.243 
12.AJ.29.240 
12Ar.54.196 
12.AJ.55.157 
12Ar.55.243 
12.AJ.56.240 



12 AT. 15.223 
12.AJ.16.158 
12 JU. 16.247 
12 jy. 18.244 
12AF.26.223 
12.AJ.27.158 
12AF.27.247 
12.AJ.29.244 
12.AJ.54.223 
12.AJ.55.158 
12.AJ.55.247 
12.AJ.56.244 



12.AJ. 15.240 
12.AJ.16.196 
12.AJ.18.157 
12.AJ. 18.243 
12.AJ,26.240 
12.AJ.27.196 
12.AJ.29.157 
12.AJ.29.243 
12.AJ.54.240 
12.AJ.55.196 
12JU.56.157 



12«AJ. 15.244 
12 JU. 16.223 
12.AJ.18.158 
12 JU. 18.247 
12.AJ.26.244 
12AJ.27.223 
12.AJ.29.158 
12.AJ.29.247 
12.AJ.54.244 
12.AJ.55.223 
12JU.56.158 
12.AJ.56.247 



12jU. 15.243 
12.AJ. 16.240 
12.AJ. 18.196 
12.AJ.26.157 
12.AJ.26.243 
12jU.27.240 
12.AJ.29.196 
12.AJ.54.157 
12.AJ.54.243 
12.AJ.55.240 



12.AJ. 15.247 
12.AJ. 16.244 
12.AJ. 18.223 
12.AJ.26.158 
12.AJ.26.247 
12.AJ.27.244 
12.AJ.29.223 
12.AJ.54.158 
12.AJ.54.247 



12.AJ.55.244; 
12JU.56.196; 12JU.56.223; 
12.AJ.157.157; 12.AJ.157.158; 



12JU.56.243 

12.AJ.157.196; 12.AJ. 157.223; 12.AJ. 157.240; 12.AJ. 157.244; 12.AJ. 157.243; 
12JU.157.247; 12JU.196.157; 12.AJ.196.158; 12JU.196.196; 12. AJ. 196.223; 
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12.AJ.196.240 
12j\J.223.158 
12.AJ.223.243 
12.AJ.240.223 
12.AJ.244.157 
12.AJ.244.244 
12JU.247.196 
12.AJ.247.247 



12Ar.196.244; 
12.AJ.223.196; 
12.AJ.223.247; 
12.AJ.240.240; 
12.AJ.244.158; 
12.AJ.244.243; 
12.AJ.247.223; 



12.AJ. 196.243; 12.AJ. 
12.AJ.223.223; IZAJ. 
12.AJ.240.157; 12.AJ, 
12.AJ.240.244; 12Ar. 
12.AJ.244.196; 12.AJ 
12j\J.244.247; 12 JJ 
12.AJ.247.240; 12AF 



196.247 
223.240 
240.158 
240.243 
.244.223 
.247.157 
,247.244 



12.AJ.223.157 
12.AJ.223.244 
12.AJ.240.196 
12.AJ.240.247 
12.AJ.244.240 
12.AJ.247.158 
12Ar.247.243; 



Prodrugs of 12.AN 

12j\N.4.157; 12AN.4.158; 12.AN.4.196; 12.AN.4.223; 12AN.4.240; 12.AN.4.244; 
12.AN.4.243; 12.AN.4.247; 12.AN.5.157; 12.AN.5.158; 12j\N.5.196; 12.AN.5.223; 
12.AN.5.240; 12.AN.5.244; 12j\N.5.243; 12.AN.5.247; 12.AN.7.157; 12.AN.7.158; 
12.AN.7.196; 12.AN.7.223; 12.AN.7.240; 12.AN.7.244; 12.AN.7.243; 12.AN.7.247; 



12AN.15.157 
12.AN.15.243 
12.AN. 16.240 
12.AN.18.196 
12.AN.26.157 
12.AN.26.243 
12.AN.27.240 
12.AN.29.196 
12.AN.54.157 
12.AN.54.243 
12.AN.55.240 
12.AN.56.196 
12.AN.157.157 
12 JVN. 157.244 
12.AN.196.196 
12.AN.196.247 
12AN.223.240 
12.AN.240.158 
12J\N.240.243 
12.AN.244.223 
12.AN.247.157 
12JVN.247.244 



12.AN.15.158; 12.AN.15.196; 12.AN.15.223 
12AN.15.247; 12AN.16.157; 12.AN.16.158 
12.AN.16.244; 12.AN.16.243; 12.AN.16.247 
12AN.18.223; 12AN.18.240; 12.AN.18.244 
12.AN.26.158; 12.AN.26.196; 12j^N.26.223 
12.AN.26.247; 12.AN.27.157; 12.AN.27.158 
12.AN.27.244; 12AN.27.243; 12.AN.27.247 
12.AN.29.223; 12.AN.29.240; 12.AN.29.244 
12.AN.54.158; 12.AN.54.196; 12.AN.54.223 
12.AN.54.247; 12.AN.55.157; 12.AN.55.158 
12.AN.55.244; 12.AN.55.243; 12.AN.55.247 
12.AN.56.223; 12.AN.56.240; 12.AN.56.244; 



12.AN.157.158 
12.AN.157.243 
12.AN. 196.223 
12.AN.223.157 
12AN.223.244 
12.AN.240.196 
12AN.240.247 
l2J<li.2A4.2A0 
12.AN.247.158 
12AN.247.243 



12.AN.157.196; 12.AN.157.223 
12.AN. 157.247; 12.AN.196.157 
12.AN. 196.240; 12.AN.196.244 
12.AN.223.158; 12.AN.223.196 
12.AN.223.243; 12.AN.223.247 
12.AN.240.223; 12.AN.240.240 
12.AN.244.157; 12.AN.244.158 
12^^.244.244; 12.AN.244.243 
12.AN.247.196; 12AN;247.223 
12AN.247.247; 



12.AN. 15.240 
12.AN.16.196 
12.AN.18.157 
12.AN. 18.243 
12AN.26.240 
12.AN.27.196 
12AN.29.157 
12.AN.29.243 
12AN.54.240 
12j\N.55.196 
12.AN.56.157 
12,AN.56.243 

12. AN. 157.240 
12.AN.196.158 
12.AN.196.243 
12.AN.223.223 
12.AN.240.157 
12AN.240.244 
12.AN.244.196 
12.AN.244.247 
12AN.247.240 



12.AN. 15.244 
12AN. 16.223 
12.AN.18.158 
12.AN. 18.247 
12AN.26.244 
12.AN.27.223 
12AN.29.158 
12.AN.29.247 
12.AN.54.244 
12.AN.55.223 
12.AN.56.158 
12AN.56.247 



Prodrugs of 12.AP 

12.AP.4.157; 12.AP.4.158; 12.AP.4.196; 12.AP.4.223; 12.AP.4.240; 12.AP.4.244; 
12AP.4.243; 12.AP.4.247; 12.AP.5.157; 12.AP.5.158; 12AP.5.196; 12.AP.5.223; 
12AP.5.240; 12AP.5.244; 12.AP.5.243; 12.AP.5.247; 12.AP.7.157; 12AP.7.158; 
12.AP.7.196; 12.AP.7.223; 12.AP.7.240; 12.AP.7.244; 12.AP.7.243; 12.AP.7.247; 



12AP.15.157 
12.AP.15.243 
12.AP. 16.240 
12.AP.18.196 
12.AP.26.157 
12AP.26.243 



12AP.15.158 
12.AP. 15.247 
12AP. 16.244 
12.AP. 18.223 
12.AP.26.158 
12AP.26.247 



12.AP.15.196; 12.AP.15.223; 12JVP.15.240 
12.AP.16.157; 12.AP.16.158; 12.AP.16.196 
12.AP.16.243; 12.AP. 16.247; 12.AP.18.157 
12.AP.18.240; 12.AP.18.244; 12AP.18.243 
12.AP.26.196; 12.AP.26.223; 12.AP.26.240 
12AP.27.157; 12AP.27.158; 12AP.27.196 



12.AP.15.244 
12.AP. 16.223 
12.AP.18.158 
12.AP.18.247 
12.AP.26.244 
12.AP.27.223 
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12^.27.240; 12AP.27.244 
12.AP.29.196; 12.AP.29.223 
12.AP.54.157; 12AP.54.158 
12.AP.54.243; 12.AP.54.247 
12.AP.55.240; 12AP.55.244 



12J^.27.243; 12 Jtf .27.247; 12.AP.29.157 
12J^.29.240; 12.AP.29.244; 12.AP.29.243 
12.AP.54.196; 12J^.54.223; 12.AP.54.240 
12J^.55.157; 12.AP.55.158; 12.AP.55.196 
12.AP.55.243; 12.AP.55.247; 12.AP.56.157 



12.AP.56.196; 12JVP.56.223; 12JVP.56.240; 12.AP.56.244; 12jVP.56.243 



12.AP.157.157; 12.AP.157.158 
12JVP. 157.244; 12.AP.157.243 
12.AP.196.196; 12.AP.196.223 
12 JVP. 196.247; 12.AP.223.157 
12J\P.223.240; 12.AP.223.244 
12.AP.240.158; 12.AP.240.196 
12.AP.240.243; 12.AP.240.247 
12.AP.244.223; 12j\P.244.240 
12.AP.247.157; 12.AP.247.158 
12.AP.247.244; 12.AP.247.243 



12.AP.157.196; 12.AP.157.223 
12JVP.157.247; 12.AP.196.157 
12. AP. 196.240; 12.AP.196.244 
12.AP.223.158; 12.AP.223.196 
12JVP.223.243; 12.AP.223.247 
12.AP.240.223; 12.AP.240.240 
12J\P.244.157; 12.AP.244.158 
12.AP.244.244; 12.AP.244.243 
12JVP.247.196; 12.AP.247.223 
12.AP.247.247; 



12JVP 
12j\P 
12JVP 
12JVP 
12.AP 
12AP 
12.AP. 157.240 
12.AP.196.158 
12.AP. 196.243 
12.AP.223.223 
12.AP.240.157 
12.AP.240,244 
12.AP.244.196 
12.AP.244.247 
12.AP.247.240 



.29.158; 
.29.247; 
.54.244; 
.55.223; 
.56.158; 
.56.247; 



Prodrugs of VLKL 

12.AZ.4.157; 12.AZ.4.158; 12JVZ.4.196; 12.AZ.4.223; V1.KLA.2^\ 12.AZ.4.2U; 
12.AZ.4.243; 12JVZ.4.247; 12.AZ.5.157; 12.AZ.5.158; 12.AZ.5.196; 12.AZ.5.223; 
12.AZ.5.240; 12.AZ.5.244; 12.AZ.5.243; 12.AZ.5.247; 12.AZ.7.157; 12.AZ.7.158; 
12.AZ.7.196; 12.AZ.7.223; 12.AZ.7.240; 12.AZ.7.244; 12.AZ.7.243; 12.AZ.7.247; 



12.AZ.15.157 
12. AZ. 15.243 
12.AZ. 16.240 
12.AZ.18.196 
12.AZ.26.157 
12.AZ.26.243 
12.AZ.27.240 
12JVZ.29.196 
12.AZ.54.157 
12.AZ.54.243 
12.AZ.55.240 
12.AZ.56.196 



12JVZ.15.158 
12.AZ.15.247 
12.AZ.16.244 
12.AZ. 18.223 
12.AZ.26.158 
12.AZ.26.247 
12.AZ.27.244 
12.AZ.29.223 
12.AZ.54.158 
12.AZ.54.247 
12.AZ.55.244 



12.AZ.56.223 
12.AZ.157.157; 12JVZ.157.158 
12.AZ. 157.244; 12JVZ.157.243 
12.AZ.196.196; 12.AZ.196.223 
12.AZ. 196.247; 12.AZ223.157 
12.AZ.223.240; 12.AZ.223.244 
12J^240.158; 12JVZ240.196 
12.AZ.240.243; 12JVZ.240.247 
12.AZ.244.223; 12.AZ.244.240 
12.AZ.247.157; 12JVZ.247.158 
12.AZ.247.244; 12.AZ247.243 



12.AZ.15.196; 12.AZ.15.223 
12.AZ.16.157; 12.AZ.16.158 
12.AZ,16.243; 12JVZ.16.247 
12.AZ.18.240; 12.AZ.18.244 
12.AZ.26.196; 12jVZ.26.223 
12.AZ.27.157; 12.AZ.27.158 
12.AZ.27.243; 12.AZ27.247 
12.AZ.29.240; 12.AZ.29.244 
12.AZ.54.196; 12.AZ.54.223 
12.AZ.55.157; 12.AZ.55.158 
12.AZ.55.243; 12.AZ.55.247 
12.AZ.56.240; 12.AZ.56.244 
12.AZ.157.196; 12.AZ.157.223 
12JVZ.157.247; 12.AZ.196.157 
12.AZ. 196.240; 12.AZ. 196.244 
12.AZ.223.158; 12.AZ.223.196 
12.AZ.223.243; 12.AZ.223.247 
12JVZ.240.223; 12.AZ.240.240 
12.AZ.244.157; 12jVZ.244.158 
12.AZ.244.244; 12.AZ.244.243 
12J^.247.196; 12JVZ.247.223 
12JVZ.247.247; 



12.AZ. 15.240 
12.AZ.16.196 
12.AZ.18.157 
12.AZ18.243 
12.AZ.26.240 
12.AZ.27.196 
12.AZ.29.157 
12.AZ.29.243 
12.AZ.54.240 
12.AZ.55.196 
12.AZ.56.157 



12.AZ. 15.244 
12.AZ. 16.223 
12.AZ.18.158 
12.AZ.18.247 
12.AZ.26.244 
12JVZ.27.223 
12j\Z.29.158 
12.AZ.29.247 
12JVZ.54.244 
12.AZ.55.223 
12JVZ56.158 



12.AZ.56.243; 12AZ.56.247 
12.AZ. 157.240 
12.AZ.196.158 
12.AZ. 196.243 
12.AZ.223.223 
12.AZ240.157 
12.AZ.240.244 
12.AZ.244.196 
12.AZ.244.247 
12.AZ.247.240 



Prodrugs of 12.BF 

12.BF.4.157; 12.BF.4.158; 123F.4.196; 12.BF.4.223; 12.BF.4.240; 12.BR4.244; 
12.BF.4.243; 12JBF.4.247; 12.BF.5.157; 12.BF.5.158; 12JBF.5.196; 12.BF.5.223; 
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12J8F.5.240; 12.BF.5.244; 12JBF.5.243; 12JBF.5.247; 12.BF.7.157; 12.BF.7.158; 
12.BF.7.196; 12.BF.7.223; 12JBR7.240; 12.BF.7.244; 12.BF.7.243; 12.BF.7.247; 



10 



15 



20 



25 



30 



35 



40 



45 



12^R15.157 
12.BF.15.243 
12.BF.16.240 
12JBF.18.196 
12.BF.26.157 
12JBF.26.243 
12.BF.27.240 
12.BF.29.196 
123F.54.157 
12.BF.54.243 
12£F.55.240 
12.BF.56.196 
12m 157. 157 
12^.157.244 
12.BF.196.196 
12.BF. 196.247 
12.BF.223.240 
12.BF.240.158 
12£F.240.243 
12.BF.244.223 
12.BF.247.157 
12.BF.247.244 



12iF.15.158 
12JBF. 15.247 
12.BF. 16.244 
12.BF. 18.223 
12.BF.26.158 
12.BF.26.247 
12.BF.27.244 
12.BF.29.223 
12.BF.54.158 
12.BF.54.247 
12.BF.55.244 
12.BF.56.223 
12.BF.157.158 
12.BF. 157.243 
12.BF. 196.223 
12.BF.223.157 
12.BF.223.244 
12.BF.240.196 
12.BF.240.247 
12.BF.244.240 
12.BF.247.158 
12.BF.247.243 



12.BF.15.196; 12.BF. 15.223 
123F.16.157; 12.BF.16.158 
123F.16.243; i2.BF.16.247 
12.BF. 18.240; 12.BF. 18.244 
12.BF.26.196; 12.BF.26.223 
12JBF.27.157; 12.BR27.158 
IZBF.27.243; 12.BF.27.247 
12.BF.29.240; 12.BF.29.244 
123F.54.196; 12.BF.54.223 
12.BF.55.157; 12.BF.55.158 
123F.55.243; 12.BF.55.247 
12.BF.56.240; 12.BF.56.244 
12.BR157.196; 12.BR157.223 
12.BR 157.247; 123F.196.157 
12.BF. 196.240; 123F. 196.244 
12.BR223.158; 12.BR223.196 
12.BR223.243; 12.BR223.247 
12.BR240.223; 12.BR240.240 
123F.244.157; 12JBF.244.158 
12.BR244.244; 12.BR244.243 
123F.247.196; 12.BF.247.223 
12.BR247.247; 



12.BF. 15.240 
12.BF.16.196 
12.BF.18.157 
12.BR 18.243 
12.BF.26.240 
12.BR27.196 
12.BF.29.157 
12.BF.29.243 
12.BF.54.240 
12.BR55.196 
12.BR56.157 
123F.56.243 

12.BF. 157.240 
12.BF.196.158 
12.BF. 196.243 
12J3R223.223 
12.BF.240.157 
12.BF.240.244 
12.BF.244.196 
12.BF.244.247 
12.BR247.240 



12.BR 15.244 
12.BR 16.223 
12.BR18.158 
12.BR 18.247 
12.BR26.244 
12.BF.27.223 
12.BR29.158 
12.BR29.247 
12.BR54.244 
12.BR55.223 
12.BR56.158 
12.BR56.247 



Prodrugs of 12.a 

12.a.4.157; 12.CI.4.158; 12.CL4.196; 12.CL4.223; 12.0.4.240; 12.CIA.2M; 
12.a.4.243; 12.a.4.247; 12.CL5.157; 12.a.5.158; 12.a.5.196; 12.C3.5.223; 12.CL5.240; 
12.CI.5.244; 12.a.5.243; 12.0.5.247; 12.CI.7.157; 12.0.7.158; 12.0.7.196; 12.0.7.223; 
12.O.7.240; 12.0.7.244; 12.0.7.243; 12.0.7.247; 12.0.15.157; 12.0.15.158; 



12.0.15.196 
12.0.16.157 
12.0.16.243 
12.0. 18.240 
12.0.26.196 
12.0.27.157 
12.0.27.243 
12.0.29.240 
12.0.54.196 
12.0.55.157 
12.0.55.243 
12.0.56.240 
12.0.157.196 
12.0.196.157 
12.0.196.243 
12.O.223.240 
12.O.240.196 
12.0.244.157 



12.0.15.223 
12.0.16.158 
12.0.16.247 
12.0.18.244 
12.0^6^ 
12.0.27.158 
12.0.27.247 
12.0.29.244 
12.0.54.223 
12.0.55.158 
12.0.55.247 
12.0.56.244 



12.0.15.240; 12.0. 15.244 
12.0.16.196; 12.0. 16.223 
12.0.18.157; 12.0.18.158 
12.0. 18.243; 12.0. 18.247 
lla.26.240; 12.0.26.244 
12.0.27.196; 12.0.27.223 
12.0.29.157; 12.0.29.158 
12.0.29.243; 12.0.29.247 
12.O.54.240; 12.0.54.244 
12.0.55.196; 12.0.55.223 
12.0.56.157; 12.0.56.158 



12.0.15.243 
12.0.16.240 
12.CL18.196 
12.0.26.157 
12.0.26.243 
12.0.27.24a 
12.0.29.196 
12.0.54.157 
12.CL54.243 
12.O.55.240 
12.0.56.196 



12.0.15.247 
12.0. 16.244 
12.0.18.223 
12.0.26.158 
12.0.26.247 
12.0.27.244 
12.0.29.223 
12.0.54.158 
12.054.247 
12.0.55.244 



12.0.56.223 
12.0.157.157; 12.0.157.158; 

12.0. 157.247 



12.0.56.243; 12.0.56.247 
12.0.157.223; 12.0.157.240; 12.0.157.244; 12.0.157.243 
12.0.196.158; 12.0.196.196; 12.0.196.223; 12.O.196.240 
12.0.196.247; 12.0.223.157; 12.0.223.158; 12.0.223.196 
12.0.223.244; 12.0.223.243; 12.0.223.247; 12.0.240.157 
12.0.240.223; 12.O.240.240; 12.O.240.244; 12.O.240.243 



12.0.244.158; 12.0.244.196; 12.0.244.223; 12.O.244.240; 12.0.244.244 



12.0. 196.244 
12.0.223.223 
12.O.240.158 
12.O.240.247 
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12.a.244.243; 12.0.244.247; 12.0.247.157; 12.0.247.158; 12.0.247.196; 12.0247.223; 
12.O.247.240; 12.0247.244; 12.0247.243; 12.0247.247; 

Prodrugs of 12.CO 

12.C0.4.157; 12.C0.4.158; 12.C0.4.196; 12.C0.4.223; 12.CO.4.240; 12.C0.4.244; 
12.C0.4.243; 12.C0.4.247; 12.C0.5.157; IZCO.5.158; 12.C0.5.196; 12.C0.5.223; 
12.CO.5.240; 12.C0.5.244; 12.C0.5.243; 12.C0.5.247; 12.C0.7.157; 12.C0.7.158; 
12.C0.7.196; 12.C0.7.223; 12.CO.7.240; 12.C0.7.244; 12.C0.7.243; 12.C0.7.247; 



12.CO.15.157 
12.CO. 15.243 
12.CO. 16.240 
12.CO.18.196 
12.CO.26. 157 
12.CO.26.243 
12.CO.27.240 
12.CO.29. 196 
12.CO.54. 157 
12.CO.54.243 
12.CO.55.240 
12.CO.56. 196 



12.CO.15.158 
12.CO. 15.247 
12.CO.16.244 
12.CO. 18.223 
12.CO.26.158 
12.CO.26.247 
12.CO.27.244 
12.CO.29.223 
12.CO.54. 158 
12.CO.54.247 
12.CO.55.244 



12.CO.15.196; 12.CO.15.223 
12.CO.16.157; 12.CO.16.158 
12.CO. 16.243; 12.CO. 16.247 
12.CO. 18.240; 12.CO. 18.244 
12.CO.26. 196; 12.CO.26.223 
12.CO.27. 157; 12.CO.27. 158 
12.CO.27.243; 12.CO.27.247 
12.CO.29.240; 12.CO.29.244 
12.CO.54. 196; 12.CO.54.223 
12.CO.55. 157; 12.CO.55. 158 
12.CO.55.243; 12.CO.55.247 



30 



12.CO.56.223 
12.CO.157.157; 12.CO.157.158 
12.CO. 157.244; 12.CO.157.243 
12.CO.196.196; 12.CO. 196.223 
12.CO. 196.247; 12.CO.223. 157 
12.CO.223. 240; 12.CO.223.244 
12.CO.240. 158; 12.CO.240. 196 
12.CO.240.243; 12.CO.240.247 
12.CO.244.223; 12.CO.244.240 
12.CO.247. 157; 12.CO.247. 158 
12.CO.247.244; 12.CO.247.243 



12.CO. 15.240; 12.CO. 15.244 



12.CO.16.196 
12.CO.18.157 
12.CO. 18.243 
12.CO.26.240 
12.CO.27.196 
12.CO.29. 157 
12.CO.29.243 
12.CO.54.240 
12.CO.55.196 
12.CO.56. 157 
12.CO.56.243 



12.CO.56.240; 12.CO.56.244 

12.CO.157.196; 12.CO. 157.223; 12.CO.157.240 
12.CO. 157.247; 12.CO.196.157; 12.CO.196.158 



12.CO. 16.223 
12.CO.18.158 
12.CO. 18.247 
12.CO.26.244 
12.CO.27.223 
12.CO.29. 158 
12.CO.29.247 
12.CO.54.244 
12.CO.55.223 
12.CO.56. 158 
12.CO.56.247 



12.CO. 196.240; 12.CO. 196.244 
12.CO.223.158; 12.CO.223. 196 
12.CO.223.243; 12.CO.223.247 
12.CO.240.223; 12.CO.240.240 
12.CO.244.157; 12.CO.244. 158 
12.CO.244.244; 12.CO.244.243 
12.CO.247. 196; 12.CO.247.223; 12.CO.247.240 
12.CO.247.247. 



12.CO. 196.243 
12.CO.223.223 
12.CO.240. 157 
12.CO.240.244 
12.CO.244. 196 
12.CO.244.247 
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Prodrugs of 13.B 

13.B.228.228; 13.B.228^9; 13.B^.230; 13.3228^1; 133228236} 13322S237; 



13.5.228^8 
5 13.B.228.172, 
13.B.229.230, 
13.B^.154, 
13.B.229.240 
13.B.230.236 
10 13.B.230.166 

13.B.231.228 
13.B.231.238 
13.B.231.172 
13.B.236.230 
15 13.B.236.154 
13.B.236.240 
13.B.237.236, 
13.B.237.166 
13. 6 .238.228 

20 13.B.238.238 

13.B.238.172 

13.B.239.230 
13.B.239.154 
13.B.239.240 
25 13.B.154.236 

13.B.154.166 
13.B.157.228 
13.B.157.238 
13.B.157.172 

30 13.B.166.230 
13.B.166.154 
13.B.166.240 
13.B.169.236 
13.B.169.166 

35 13.B.172.228 
13.B.17Z238 
13.B.172.172 
13.B.175.230 
13.B.175.154, 

40 13.B.175.240 
13.B.240236 
13.B.240.166 
13.B.244.228 
13.B.244.238 

45 13.B.244.172 



13.B.228.239; 13.B.228.154 
13.B.228.175; 13.B.228.240 
13.B.229.231; 13.B.229.236, 
13.B.229.157; 13.B^9.166, 
13.B.229.244; 13.B.230.228 
13.B.230.237; 13.B.230.238 
13.B.230.169; 13.B.230.172 
13.B.23m9; 13.B.231.230 
13.B.231.239; 13.B.231.154 
13.B231.175; 13.B.231.240 
13.B.236.231; 13.B.236.236 
13.B.236.157; 13.B.236.166 
13.B236244; 13.B.237.228 
13.B237.237; 13.B.237J238 
13.B.237.169; 13.B.2i37.172 
13.B.238.229; 13.B.238.230 
13.B.238.239; 13.B.238.154, 
13.B.238.175; 13.B.238.240 
13.B.239231; 13.B.239.236 
13.B.239.157; 13.B.239.166 
13.B.239244; 13.B.154.228 
13.B.154.237; 13.B.154.238 
13.B.154169; 13.B.154.172 
13.B.157.229; 13.B.157.230 
13.B.157.239; 13.B.157.i54, 
13.B.i57.175; 13.B.157.240 
13.B.166.231; 13.B.166.236 
13.B.166.157; 13.B.166.166 
13.B.166244; 13.B.169.228, 
13.B.169237; 13.B.169.238 
13.B.169.169; 13.6.169.172^ 
13.B.172.229; 13.B.172.230 
13.B.172.239; 13.B.172.154, 
13.B.172.175; 13.B.172.240 
13.B.175.231; 13.B.175.236 
13.B.175.157; 13.B.175.166 
13.B.175.244; 13.B.240.228 
133240237; 13.B.24D.238 
13.B.240.169; 13.B.240.172 
13.B.244229; 13.B.244.230 
13.B.244.239; 13.B.244.154 



13.B.228.157; 13.B.228.166 
13.B.228.244; 13.B.229.228 
13.B.229.237; 13.B.229.238 
13.B.229.169; 13.B.229.172 
13.B.230.229; 13.B.230J230 
13.B.230239; 13.B.230.154 
13.B.230.175; 13.B.230.240 
133231231; 13.B.231.236 
13.B.231.157; 13.B.231.166 
13.B231.244; 13.B.236.228, 
13.B.236.237; 13.B.236.238 
13.B.236.169; 13.B.236.172 
13.B.237229; 13.B.237.230 
13.B237.239; 13.B.237.154 
13.B.237.175; 13.B.237.240 
13.B.238.231; 13.B.238.236 
13.B.238.157; 13.B.238.166 
13.B.238.244; 13.B.239.228 
13.B239237; 13.B.239.238 
13.B.239.169; 13.B.239.172 
13.B.154229; 13.B.154.230 
13.B.154.239; 13.B.154.154 
13.B.154.175; 13.B.154.240 
13.B.157.231; 13.B.157.236 
13.B.157.157; 13.B.157.166 
13.B.157.244; 13.B.166.228 
13.B.166.237; 13.B.166.238 
13.B.166.169; 13.B.166.172 
13.B.169229; 13.B.169.230 
13.B.169.239; 13.B.169.154, 
13.B.169.175; 13.B.169.240, 
13.B.172.231; 13.B.172.236 
13.B.17Z157; 13.B.172.166, 
13.B.172.244; 13.B.175.228 
13.B.175237; 13.B.175.238 
133.175.169; 13.B.175.172, 
13.B.240229; 13.B.240.230 
13.B.240239; 13.B.240.154 
13.B.240.175; 13.B.240.240 
13.B244231; 13.BJ244.236 
13.B.244.157; 13.B.244.166 



13.B.228.169; 
13.BJ229J229; 
13.B229239; 
13.B.229.175; 
13.B230.231; 
13.BJ230.157; 
13.B230.244; 
13.B.23m7; 
13.B.231.169; 
13.B.236.229; 
13.B.236.239; 
13.B.236.175; 
13.B.237.231; 
13.B.237.157; 
13.B.237.244; 
13.B.238.237; 
13.B.238.169; 
13.B.239.229; 
13.B.239.239; 
13.B.239.175; 
13.B.154231; 
13.B.154.157; 
13.B.154244; 
13.B.157.237; 
13.B.157.169; 
13.B.166.229; 
13.B.166239; 
13.B.166.175; 
13.B.169231; 
13.B.169.157; 
13.B.169244; 
13.B.172.237; 
13.B.172.169; 
13.B.175229; 
13.B.175.239; 
13.B.175.175; 
13.B.240231; 
13.B.240.157; 
13.B.240.244; 
13.B.244237; 
13.B244169; 



13.B.244.175; 13.B.244.240; 13.B.244.244; 
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13.DJ22S.228} 13.D.228.229; 13.D^.230; 13.D^8^31; 13.D.228.236; 13.D.228.237; 



10 



15 



20 



25 



30 



35 



40 



13.D^8.238 

13.D.228.172, 

13.D^9J230 
13.D.229.154 

13.D.229.240 
13.D^30^6, 
13.D.230.166 
13.D^i:228^ 
13.D.23i:238 
13.D.231.172 
13.D236^0 
13.D.236.154 
13.D^.240 
13.D237.236 
13.D.237.166 

13.D.238.228 

13.D.238.238 
13.D.238.172 

13.D.239.230 
13.D.239.154 

13.D^9.240 

13.D.154.236 

13.D.154.166 

13.D.157^8 
13.D.157.238 
13.D.157.172 

13.D.166^0 
13.D.166.154 

13.D.166.240 

13.0.169.236 

i3.D.169.166 

13.D.172J228 

13.D.172.238 

13.D.172.172 

13.D.175.230 

13.D.175.154 

13.D.175.240 

13.DJ240.236 

13.D240.166 

13.D244.228 
13.D.244.238 
13.D.244.172 



13.D.228.239; 13.D.228.154; 13.D.228.157 



13.D.228.175; 13.D.228.240 
13.D.229.231; 13.D.229.236 
13.D.229.157; 13.D.229.166 
13.D.229.244; 13.D.230.228 
13.D.230.237; 13.D.230.238 
13.D.230.169; 13.D.230.172 
13.D.231J229; 13.D.231.230 
13.D.231.239; 13.D.231.154 
13.D.231.175; 13.D.231.240 
13.DJ236.231; 13.DJ236.236 
13.D.236.157; 13.D.236.166 
13.D.236.244; 13.D.237.228 
13.D.237.237; 13.D.237.238 
13.D.237.169; 13.D.237.172 
13.DJ238.229; 13.D.238.230 
13.D.238.239; 13.D.238.154 
13.D.238.175; 13.D.238.240 

13.D.239.231; 13.D.239.236 
13.D.239.157; 13.D.239.166 
13.D.239.244; 13.D.154.228 
13.D.154.237; 13.D.154.238 
13.D.154.169; 13.D.154.172 
13.D.157.229; 13.D.157230 
13.D.157.239; 13.D.157.154 
13.D.157.175; 13.D.157J240 
13.D.166.231; 13.D.166.236 
13.D.166.157; 13.D.166.166 
13.D.166.244; 13.D.169.228 
13.D.169.237; 13.D.169.238 
13.D.169.169; 13.D.169.1Z2 
13.D.172.229; 13.D.172.230 
13.D.172.239; 13.D.172.154, 
13.D.172.175; 13.D.172.240 
13.D.175.231; 13.D.175.236 
13.D.175.157; 13.D.175.166 
13.D.175.244; 13.DJZ40.228 
13.D.240237; 13.D.240.238 
13.D.240.169; 13.D.240.172 
13.D.244.229; 13.D.244.230 
13.D.244.239; 13.D.244.154 
13.D.244.175; 13.D.244JZ40 



13.D.228.244, 
13.D.229.237 
13.D.229.169 
13.D.230.229, 
13.DJ230.239, 
13.D.230.175, 
13.D.231.231 

13.D.231.157 
13.D.231.244, 

13.D.236.237 
13.D.236.169 
13.D.237.229 
13.D.237.239 
13.D.237.175 
13.D.238.231 

13.D.238.157 

13.D.238244. 

13.DJ239.237 
13.DJ239.169 
13.D.154.229 

13.D.154.239 
13.D.154.175 
13.D.157.231 

13.D.157.157 
13.D.157.244, 

13.D.166.237 
13.D.166.169 
13.D.169.229, 

13.D.169J239 
13.D.169.175 
13.D.172.231 

13.D.172.157 
13.D.172.244. 
13.U.175237, 
13.D.175.169 

13.D.240.229 
13.D.240.239 
13.D.240.175 
13.D.244.231 

13.D.244.157 
13.D.244.244, 



13.D.228.166 
13.D.229.228 

13.D.229.238 
13.D.229.172 
13.D.230.230, 
13.D.230.154; 
13.D.230.240 
13.0.231.236, 

13.0.231.166 

13.D.236.228 
13.0.236.238, 
13.D.236.172, 
13.O.237.230, 
13.0.237.154, 
13.D.237.240, 

13.0.238.236 
13.0.238.166 

13.D.239.228 

13.0.239-238 

13.D.239.172 

13.D.154.230 
13.0.154.154, 
13.D.154.240 

13.D.157.236 
13.0.157.166 

13.D.166.228 
13.D.166.238, 
13.D.166.172 
13.O.169.230 
13.0.169.154^ 
13.D.169.240, 
13.0.172.236 
13.0.172.166 
13.D.175.228 
13.0.175.238 
13.D.175.172, 
13.OJ240J230 
13.0.240.154^ 
13.D.240.240, 
13.OJ244.236, 
13.0.244.166 



13.DJ228.169 
13.D.229.229 

13.D.229.239 
13.D.229.175 
13.D.230.231 

13.D.230.157 
13.D.230.244 
13.D.231.237 

13.D.231.169 
13.D.236.229 
13.0.236.239, 
13.D.236.175 
13.0.237.231 

13.0.237.157 

13.D.237.244, 

13.0.238.237 
13.0.238.169, 
13.D.239.229, 
13.0.239.239, 
13.D.239.175 
13.D.154.231 

13.0.154.157 
13.D.154.244 

13.0.157.237 
13.0.157.169, 
13.D.166.229 
13.D.166.239 
13.D.166.175 
13.D.169.231 

13.0.169.157 
13.D.169.244, 

13.D.172J237 
13.0.172.169 
13.D.175.229 
13.0.175.239, 
13.D.175.175 
13.D.240.231 
13.0.240.157; 
13.D.240.244, 
13.0.244J237 
13.0.244.169 
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13.E.228^; 13.E.228.229; 13.E.228.230; 13.E.228^31; 13.E.228.236; 13.E.228.237; 



13.E^J238, 
13.E.228.172 
13.E^9.230 
5 13.E.229.154 
13.E.229:240 
13.E^J236. 
13.E.230.166 
13.E.231.228 

10 13.E-231.238 
13.E.231.172 
13.E.236.230, 
13.E.236.154 
13.E. 236.240 

15 13.E.237.236 
13.E.237.166 
13.E^.228 
13.E.238.238 
13.E.238.172 

20 13.E.239.230 
13.E.239.154 
13.E.239.240, 
13.E.154.236 
13.E.154.166 

25 13.E.157J228 
13.E. 157.238 
13-E.157.172 
13.E.166.230 
13.E.166.154 

30 13.E.166.240, 

13.E.169.236 
13.E.169.166 
13.E.17Z228 
13.E.172.238 

35 13.E.172.172 
13.E.175^ 
13.E.175.154^ 
13.E.175.240, 
13.E.240.236 

40 13.E:240.166, 
13.E.244.228 
13.E.244.238 
13.E.244.172 



13.E^J239 
13.E.228.175 
13.E.229.231 
13.E^.157, 
13.E.229.244 
13JEJi30.237, 
13.E.230.169 
13.E.231.229 
13.E.231.239 
13.E.231.175 
13.EJ236.231 

13.E.236.157 

13.E.236.244 

13.6^237.237; 
13.E.237.169 
13.EJ238.229 
13.E.238.239 
13.E.238.175 
13.E.239.231 
13.E.239.157 
13.EJ239.244 

13.E.154.237 
13.E.154.169 

13.E.157.229 
13.E.157.239 
13.E.157.175 
13.E.166.231 
13.E.166.157 
13.E.166.244, 
13.E.169.237 
13.E.169.169 
13.E.172.229 

13.E.172.239 
13.E.172.175 
13.E.175.231 
13.E.175.157 
13.E.175.244, 
13.E.240.237 
13.E.240.169 
13.E244.229 
13.E.244.239 
13.E.244.175 



13.E.228.154 
13.E.228.240 
13.E.229.236, 
13.E.229.166, 
13.E.230.228 
13.E.230J238 
13.E.230.172 
13.E.231.230 
13.E.231.154^ 
13.E.231.240 
13.E.236.236^ 
13.E.236.166 
13.E.237.228 
13.E.237.238, 
13.E.237.172, 
13.E.238.230, 
13.E.238.154 
13.E.238.240, 
13.E.239.236 
13.E.239.166 

13.E.154J228 
13.E.154J238 
13.E.154.172 
13.E.157.230 
13.E.157.154 
13.E.157.240 
13.E.166.236 
13.E.166.166 
13.E.169.228 
13.E.169.238 
13.E.169.172 
13.E.172.230 
13.E.172.154, 
13.E.17Z240 
13.E.175.236 
13.E.175.166 
13.EJ240.228 
13.E.240.238 
13JEJ240.172 
13.E.244.230 
13.E.244.154 
13.EJ244240 



13.E.228.15Z 
13.E.228.244, 
13.E.229.237, 
13.E.229.169 
13.E.230.229 
13.EJ230.239 
13.E.230.175 
13.E.231.231 
13JE.231.157 
13.E.231.244 

13.E236.237 
13.E.236.169 
13.E.237.229 
13.E.237.239, 
13.E.237.175, 
13.E.238.231, 

13JE.238.157 
13.E.238.244, 

13JE.239.237 
13.E.239.169 
13.E.154.229, 
13.E.154.239 

13:E.157.231 
13.E.157.157, 
13.E.157.244, 
13.E.166.237 

13.E.166.169 
13.E.169J229 
13.E.169.239, 
13.E.169.175, 

13.E.172.23X 
13.E.172.157 
13JE.172.244, 
13.E.175.237 
13.E.175.169 
13.E.240.229, 

13.E.240.239 
13JE.240.175, 
13.E.244.231 
13.E.244.157, 
13.E.244.244; 



13.E.228.166 
13JB.229.228 
13.E.229.238 
13.E.229.172 
13.E.230.230. 
13.E230.154, 
13.E.230.240, 
13.E.231.236 
13.E.231.166 
13.E.236.228 
13.E.236.238 
13.E.236.172 
13.E.237.230 
13JE.237.154 
13.E.237.240 
13.E.238.236 
13.E.238.166 
13.E.239.228 



13.E.239.238 
13.E.239.172 
13JE.154.230 
13.E.154.154 
13.E. 154.240 
13.E.157.236 
13.E.157.166 
13JE.166.228 
13.E.166.238 
13.E.166.172 
13.E.169.23Q 
13.E.169.154 
13.E.169.240 
13JE.17Z236 
13.E.172.166 
13.E.175.228, 
13.E.175.238. 
13.E.175.172, 
13JE.240.23Q 

13.E.240.154 
13.E.240.240, 
13.E.244.236 



13.E.228.169; 
13.E.229.229; 
13.E.229.239; 
13JE.229.175; 
13.E.230.231; 
13.E.230.157; 
13.E.230.244; 
13.E.231.237; 
13.E.231.169; 
13.E.236.229; 
13.E.236.239; 
13.E.236.175; 
13.E.237.231; 
13.EJ237.157; 
13.E.237.244; 
13JE.238.237; 
13.E.238.169; 
13.E.239.229; 
13JS.239J239; 
13.E.239.175; 
13.E.154.231; 
13.E.154.157; 
13.E.154.244; 
13JE.157.237; 
13.E.157.169; 
13JE.166.229; 
13.E.166.239; 
13.E.166.175; 
13.E.169J231; 
13.E.169.157; 
13.E.169.244; 
13JE.172.237; 
13.E.172.169; 
13.E.175229; 
13.E.175.239; 
13.E.175.175; 
13.E.240.231; 
13.E.240.157; 
13.E.240.244; 
13.E.244.237; 



13.E.244.166; 13JE.244.169; 
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13.G.228.228; 13.G.228.229; 13.G.228.230; 13.G.228.231; 13.G.228.236; 13.G.228^7; 

13.G^.238; 13.G.228^9; 13.G.228.154; 13.G^.157; 13.G.228.166; 13.G^.169; 

13.G.228.172; 13.G.228.175; 13.G.228.240; 13.G.228.244; 13.G^9^; 13.G.229J229; 

13.G.229.230; 13.G.229^1; 13.G.229^; 13.G.229.237; 13.G.229.238; 13.G^9.239; 
5 13.G.229.154; 13.G.229.157; 13.G.229.166; 13.G.229.169; 13.G.229.172; 13.G.229.175; 

13.G.229.240; 13.G.229.244; 13.G.230J228; 13.G.230J229; 13.G.230.230; 13.G.230.231; 

13.G;230.236; 13.G.230.237; 13.G^^; 13.G^^9; 13.G^.154; 13.G.230.157; 

13.G.230.166; 13.G.230.169; 13.G.230.172; 13.G^.175; 13.G^J240; 13.G.230.244; 

13.G.231.228; 13.G.231.229; 13.G^1.230; 13.G^1.231; 13.G^1.236; 13.G.231.237; 
10 13.G.231.238; 13.G.231.239; 13.G^1.154; 13.G^1.157; 13.G^1.166; 13.G^1.169; 

13.G.231.172; 13.G.231.175; 13.G.231.240; 13.G.231^44; 13.G.236.228; 13.G.236.229; 

13.GJ236.230; 13.G:236.231; 13.G.236J236; 13.G^.237; 13.G.236:238; 13.G^^9; 

13.G.236.154; 13.G.236.157; 13.G.236.166; 13.G236.169; 13.G.236.172; 13.G^.175; 

13.G^.240; 13.G^6.244; 13.G.237.228; 13.G^37.229; 13.G.237.230; 13.GJ237.231; 
15 13.G.237.236; 13.G^7.237; 13.G^7.238; 13.G.237.239; 13.G.237.154; 13.G^7.157; 

13.G.237.166; 13.G.237.169; 13.G.237.172; 13.G.237.175; 13.G.237.240; 13.G.237.244; 

13.G.238.228; 13.G^.229; 13.G.238.230; 13.G.238^1; 13.G.238^6; 13.GJ238.237; 

13.G.238.238; 13.G.238.239; 13.G:238.154; 13.G.238.157; 13.G.238.166; 13.G^38.169; 

13.G.238.172; 13.G.238.175; 13.G.238.240; 13.G.238.244; 13.G.239.228; 13.G:239.229; 
20 13.G.239.230; 13.G.239.231; 13.G.239.236; 13.G.239.237; 13.G.239.238; 13.G^9.239; 

13.G.239.154; 13.G.239.157; 13.G.239.166; 13.G.239.169; 13.G.239.172; 13.G.239.175; 

13.G.239.240; 13.G.239.244; 13.G.154.228; 13.G.154.229; 13.G-154.230; 13.G.154.231; 

13.G.154.236; 13.G.154.237; 13.G.154.238; 13.G.154.239; 13.G.154.154; 13.G.154.157; 

13.G.154.166; 13.G.154.169; 13.G.154.172; 13.G.154.175; 13.G.154.240; 13.G.154.244; 
25 13.G.157.228; 13.G.157.229; 13.G.157.230; 13.G.157.231; 13.G.157J236; 13.G.157J237; 

13.G.157.238; 13.G.157239; 13.G.157.154; 13.G.157.157; 13.G.157.166; 13.G.157.169; 

13.G.157.172; 13.G.157175; 13.G.157.240; 13.G.157.244; 13.G.166.228; 13.G.166,229; 

13.G.166.230; 13.G.166.231; 13.G.166.236; 13.G.166.237; 13.G.166^8; 13.G.166:239; 

13.G.166.154; 13.G.166.157; 13.G.166.166; 13.G.166.169; 13.G.166.172; 13.G.166.175; 
30 13.G.166.24D; 13.G.166.244; 13.G.169.228; 13.G.169.229; 13.G.169^0; 13.G.169.231; 

13.G.169.236; 13.G.169.237; 13.G.169.238; 13.G.169.239; 13.G.169.154; 13.G.169.157; 

13.G.169.166; 13.G.169,169; 13.G.169.172; 13.G.169.175; 13.G.169.240; 13.G.169.244; 

13.G.172.228; 13.G.1Z2:229; 13.G.172^0; 13.G.172J231; 13.G.172J236; 13.G.172J237; 

13.G.172.238; 13.G.172.239; 13.G.172.154; 13.G.172.157; 13.G.172.166; 13.G.172.169; 
35 13.G.172.172; 13.G.172.175; 13.G.172.240; 13.G.172.244; 13.G-175.228; 13.G.175:229; 

13.G.175.230; 13.G.175^1; 13.G.175.236; 13.G.175^7; 13.G.175^; 13.G.175.239; 

13.G.175.154; 13.G.175.157; 13.G.175.166; 13.G.175.169; 13.G.175.172; 13.G.175.175; 

13.G.175.240; 13.G.175^44; 13.G.240.228; 13.G.240^; 13.G^40Jt30; 13.G.240^1; 

13.G.240.236; 13.G.240.237; 13.G.240.238; 13.G.240.239; 13.G^40.154; 13.G.240.157; 
40 13.GJ240.166; 13.G.240.169; 13.G.240.172; 13.G.240.175; 13.G^40.240; 13.G.240.244; 

13.G^44.228; 13.G^44.229; 13.G.244^; 13.G^44^1; 13.G^44^; 13.G^44.237; 

13.G.244.238; 13.G.244.239; 13.G.244.154; 13.G.244.157; 13.G.244.166; 13.G^44.169; 

13.G.244.172; 13.G.244.175; 13.G.244J240; 13.G.244J244; 
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13.L228.228; 13.L228229; 131^8^; 13.L228.231; 131223J236} 13X228237; 
13.1.228.238; 13.1.228.239; 13.1.228.154; 13.1.228.157; 13X228.166; 13.L228.169; 

13.L228.172; 13.1.228.175; 13X228240; 13X228.244; 13J229.228; 13.1.229229; 

13.1.229.230; 13.1.229.231; 13.1.229.236; 13.1.229.237; 13.1.229.238; 13.L229.239; 
5 13.1.229.154; 13.1229.157; 13.L229.166; 13X229.169; 13X229.172; 13.L229.175; 

13.1229.240; 13.1.229.244; 13.L230.228; 13.1.230.229; 13 J230.230; 13.1230231; 

13.L230.236; 13.1.230.237; 13.L230238; 13X230.239; 13.L230.154; 13.L230.157; 

13.1.230.166; 13.L230.169; 13.1230.172; 13.1230.175; 13.L230240; 13X230244; 

13.L231.228; 13.L231.229; 13.1231230; 13J.231.231; 13.1.231.236; 13.1.231.237; 
10 13.1.231.238; 13.1.231239; 13.1.231.154; 13.1231.157; 13.L231.166; 13.L231.169; 

13.L231.172; 13.L231.175; 13.1231.240; 13.1.231.244; 13.1.236.228; 13.1.236.229; 

13.1.236.230; 13.1.236.231; 13.1236.236; 13X236.237; 13 J236238; 13.L236.239; 

13X236.154; 13.1.236.157; 13.1.236.166; 13.1.236.169; 13.1.236.172; 13.1.236.175; 

13.1.236.240; 13.L236244; 13.1.237228; 13X237.229; 13.1237.230; 13.L237.231; 
15 13.1.237.236; 13.1.237.237; 13.L237.238; 13.1.237.239; 13.1.237.154; 13.1.237.157; 

13.1.237.166; 13.L237.169; 13.L237.172; 13X237.175; 13.1237.240; 13.L237.244; 

13.1.238.228; 13.1.238.229; 13.1.238.230; 13.1.238.231; 13.1.238.236; 13X238.237; 

13.1.238.238; 13.1238.239; 13.L238.154; 13X238.157; 13.L238.166; 13.L238.169; 

13.1.238.172; 13.1.238.175; 13X238.240; 13.1238.244; 13.1.239.228; 13.L239.229; 
20 13.1239.230; 13.1239.231; 13.L239.236; 13J.239.237; 13.1239238; 13.1.239239; 

13.1239.154; 13.1.239.157; 13.1.239.166; 13.1239.169; 13J.239.172; 13.L239.175; 

13 J.239.240; 13.1239.244; 13.1.154.228; 13X154229; 13.L154.230; 13X154.231; 

13.1.154.236; 13.1.154.237; 13.1.154.238; 13.1.154.239; 13.1.154.154; 13.1.154.157; 

13X154.166; 13.L154.169; 13.L154.172; 13X154.175; 13.L154240; 13.L154.244; 
25 13J.157.228; 13.1.157.229; 13X157.230; 13 J.157.231; 13.1.157.236; 13.1.157.237; 

13J.157.238; 13.L157.239; 13.L157.154; 13J.157.157; 13.L157.166; 13.L157.169; 

13 J.157.172; 13.L157.175; 13.1.157.240; 13.1.157.244; 13.L166.228; 13X166.229; 

13X166.230; 13.L166.231; 13.L166236; 13X166237; 13.1.166.238; 13J.166.239; 

13.1.166.154; 13.1.166.157; 13X166.166; 13X166.169; 13.L166.172; 13J.166.175; 
30 13.1.166240; 13.L166.244; 13.L169.228; 13J.169.229; 13.1.169.230; 13.L169.231; 

13.1.169.236; 13.1.169.237; 13.L169.238; 13X169239; 13.L169.154; 13.L169.157; 

13J.169.166; 13J.169.169; 13.L169.172; 13X169.175; 13.1.169.240; 13.1.169244; 

13.1.172228; 13.1.172.229; 13X172.230; 13X172231; 13.L172.236; 13X172237; 

13.1.172.238; 13.1.172239; 13X172.154; 13.1.172.157; 13.L172.166; 13.1.172.169; 
35 13 J.172.172; 13.L172.175; 13X172.240; 13X172244; 13X175.228; 13.L175229; 

13.1.175.230; 13.1.175.231; 13X175.236; 13.1.175.237; 13.L175.238; 13.1.175.239; 

13X175.154; 13.L175.157; 13X175.166; 13X175.169; 13.L175.172; 13X175.175; 

13.1.175.240; 13.L175.244; 13X240.228; 13.1.240.229; 13.L240.230; 13.1.240.231; 

13J.240236; 13.L240.237; 13.1240.238; 13X240239; 13.1240.154; 13.1240.157; 
40 13.1240.166; 13.1.240.169; 13.L240.172; 13.1.240.175; 13.1240240; 13.1.240.244; 

13J244228; 13.1244.229; 13.L244.230; 13.L244231; 13X244.236; 13.1244.237; 

13.1.244.238; 13.1.244.239; 13.L244.154; 13.1244.157; 13.1244.166; 13J244.169; 

13X244.172; 13.1244.175; 13X244240; 13.1244244; 
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13.J.228^8; 13.J.228.229; 13.J.228.230; 13.J.228.231; 13JJ228.236; 13.J^.237; 

13J^^8; 13.J.228.239; 13J^8.154; 13.J.228.157; 13J.228.166; 13.J.228.169; 

13.J.228.172; 13.J.228.175; 13.J.228^40; 13.J.228.244; 13.J^9.228; 13J^9^9; 

13.J.229.230; 13.J.229.231; 13.J.229.236; 13.J.229.237; 13.J.229.238; 13.J.229.239; 
5 13.J.229.154; 13JJ»29.157; 13.J.229.166; 13.J.229.169; 13.J^.172; 13.J.229.175; 

13.J.229.240; 13.J.229.244; 13.J.230.228; 13.J.230.229; 13.J.230.230; 13.J.230.231; 

13.JJ230.236; 13.J.230.237; 13.J.230.238; 13.J.230.239; 13.J.230.154; 13.J.230.157; 

13.J.230.166; 13.J.230.169; 13.J.230.172; 13.J.230.175; 13.J.230.240; 13.J.230.244; 

13.J.231.228; 13.J.231.229; 13.J.231.230; 13.J.231.231; 13.J.231.236; 13.J.231.237; 
10 13.J.231.238; 13.J.231.239; 13.J.231.154; 13.J.231.157; 13.J.231.166; 13.J.231.169; 

13.J.231.172; 13.J.231.175; 13.J.231.240; 13.J.231.244; 13.J.236.228; 13.J.236.229; 

13.J.236.230; 13.J.236.231; 13.J.236.236; 13.J.236.237; 13.J.236.238; 13.J.236.239; 

13.J.236.154; 13.J236.157; 13.J.236.166; 13.J.236.169; 13.J.236.172; 13.J236.175; 

13.J.236.240; 13.J.236.244; 13.J.237.228; 13.J.237.229; 13.J.237.230; 13.J.237.231; 
15 13.J.237236; 13.J237.237; 13.J.237.238; 13.J.237.239; 13.J.237.154; 13.J.237.157; 

13.J.237.166; 13.J.237.169; 13.J237.172; 13.J.237.175; 13.J.237.240; 13.J237244; 

13.J.238.228; 13.J.238.229; 13.J.238.230; 13.J.238.231; 13.J.238.236; 13.J.238.237; 

13.J.238.238; 13.J238.239; 13.J.238.154; 13.J.238.157; 13.J238.166; 13.J.238.169; 

13.J.238.172; 13.J.238.175; 13.J.238.240; 13.J.238.244; 13.J.239.228; 13.J.239.229; 
20 13.J239.230; 13.J.239.231; 13.J.239.236; 13.J.239237; 13.J239.238; 13.J239.239; 

13.J.239.154; 13.J.239.157; 13.J.239.166; 13.J.239.169; 13.J239.172; 13.J.239.175; 

13.J.239.240; 13.J.239.244; 13.J.154.228; 13.J.154.229; 13.J.154.230; 13.J.154.231; 

13.J.154236; 13.J.154.237; 13.J.154.238; 13.J.154239; 13.J.154.154; 13.J.154.157; 

13.J.154.166; 13.J.154.169; 13.J.154.172; 13.J.154.175; 13.J.154.240; 13.J.154.244; 
25 13.J.157.228; 13.J.157.229; 13.J.157.230; 13.J.157.231; 13.J.157.236; 13.J.157.237; 

13.J.157.238; 13.J.157.239; 13.J.157.154; 13.J.157.157; 13.J.157.166; 13.J.157.169; 

13.J.157.172; 13.J.157.175; 13.J.157.240; 13.J.157.244; 13.J.166.228; 13.J.166.229; 

13.J.166.230; 13.J.166231; 13.J.166.236; 13.J.166237; 13.J.166.238; 13.J.166239; 

13.J.166.154; 13.J.166.157; 13.J.166.166; 13.J.166.169; 13.J.166.172; 13.J.166.175; 
30 13.J.166.240; 13.J.166.244; 13.J.169.228; 13.J.169.229; 13.J.169.230; 13.J.169.231; 

13.J.169.236; 13.J.169237; 13.J.169.238; 13.J.169239; 13.J.169.154; 13.J.169.157; 

13.J.169.166; 13.J.169.169; 13.J.169.172; 13.J.169.175; 13.J.169.240; 13.J.169.244; 

13.J.172.228; 13.J.172229; 13.J.172.230; 13.J.172231; 13.J.172.236; 13.J.172237; 

13.J.172.238; 13.J.172.239; 13.J.172.154; 13.J.172.157; 13.J.172.166; 13.J.172.169; 
35 13.J.172.172; 13.J.172.175; 13.J.172.240; 13.J.172.244; 13.J.175.228; 13.J.175.229; 

13.J.175.230; 13.J.175.231; 13.J.175.236; 13.J.175.237; 13.J.175238; 13.J.175.239; 

13.J.175.154; 13.J.175.157; 13.J.175.166; 13.J.175.169; 13.J.175.172; 13.J.175.175; 

13.J.175.240; 13.J.175.244; 13.J240.228; 13.J.240.229; 13.J240.230; 13.J.240.231; 

13.J240.236; 13.J.240.237; 13.J.240238; 13.J.240.239; 13.J240.154; 13.J.240.157; 
40 13.J240.166; 13.J.240.169; 13.J.240.172; 13.J.240.175; 13.J.240.240; 13.J.240.244; 

13.J.244228; 13.J.244.229; 13.J244230; 13.J244.231; 13.J244236; 13.J.244.237; 

13.J.244.238; 13.J.244.239; 13.J.244.154; 13.J.244.157; 13.J.244.166; 13.J.244.169; 

13.J.244.172; 13.J.244175; 13.J244.240; 13.J.244244; 
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13.L228.228; 13.L.228^9; 13.L.228230; 13X228.231; 13.L228.236; 13.L.228237; 

13X.228.238; 13XJ228.239; 13X.228.154; 13.L.228.157; 13.L.228.166; 13.Lmi69; 

13.L.228.172; 13.L.228.175; 13.L.228.240; 13.L.22&244; 13.L.229.228; 13.L.229.229; 

13.L.229.230; 13.L.229.231; 13.L.229.236; 13.L.229.237; 13.L.229.238; 13.L.229.239; 
5 13.L.229.154; 13.L.229.157; 13.L.229.166; 13.L.229.169; 13.L.229.172; 13.L.229.175; 

13.L.229.240; 13.L229.244; 13.L.230.228; 13.L.230.229; 13.L.230.230; 13.L.230231; 

13.L.230.236; 13.LJ230.237; 13.L.230.238; 13.L.230.239; 13.L.230.154; 13.LJ130.157; 

13.L.230.166; 13.L.230.169; 13.L.230.172; 13.L.230.175; 13.L.230.240; 13.L230.244; 

13.L.231.228; 13.L.231.229; 13.L.231.230; 13.L.231.231; 13.L.231.236; 13.L231.237; 
10 13.L.231.238; 13.L.231.239; 13.L.231.154; 13.L.231.157; 13.L.231.166; 13.L.231.169; 

13.L.231.172; 13.L.231.175; 13.L.231.240; 13.L.231.244; 13.L.236.228; 13.L.236.229; 

13.L.236.230; 13.L.236.231; 13X.236.236; 13.L.236.237; 13.L.236.238; 13.L.236.239; 

13.L.236.154; 13.L.236.157; 13.L.236.166; 13.L.236.169; 13.L.236.172; 13.L.236.175; 

13.L.236.240; 13.L.236.244; 13.L.237.228; 13.L.237.229; 13.X237.230; 13.L.237.231; 
15 13.L.237.236; 13X.237.237; 13.L.237.238; 13X.237.239; 13.L.237.154; 13.L.237.157; 

13.L.237.166; 13.X237.169; 13.L.237.172; 13.L.237.175; 13.L.237.240; 13.L.237244; 

13.X238.228; 13.L.238.229; 13.L.238.230; 13.L.238.231; 13.L.238.236; 13.L.238.237; 

13.X238.238; 13.L.238.239; 13.L.238.154; 13.L.238.157; 13.X238.166; 13.L.238.169; 

13.L.238.172; 13.X238.175; 13.L.238.240; 13.L.238.244; 13.L.239.228; 13.L.239.229; 
20 13.L.239.230; 13.L.239.231; 13.L.239.236; 13.L.239.237; 13.L.239.238; 13.X239.239; 

13.L.239.154; 13.L.239.157; 13.L.239.166; 13.L.239.169; 13.L.239.172; 13.L.239.175; 

13.L.239.240; 13.L.239.244; 13.L.154228; 13.X154.229; 13.L.154.230; 13.X154231; 

13.L.154.236; 13X154237; 13.L.154.238; 13.L.154.239; 13.L.154.154; 13.X154.157; 

13.X154.166; 13.L.154169; 13.L.154.172; 13.X154.175; 13X.i54240; 13.L.154.244; 
25 13.L.157.228; 13.L.157.229; 13.L.157.230; 13.L.157.231; 13.L.157.236; 13.L.157.237; 

13.X157.238; 13.L.157.239; 13.L.157.154; 13.X157.157; 13.L.157.166; 13.L.157.169; 

13.L.157.172; 13.L.157.175; 13.L.157.240; 13.L.157.244; 13.L.166.228; 13.L.166.229; 

13.X166.230; 13.L.166231; 13.L.166.236; 13.X166.237; 13.X166.238; 13.X166239; 

13.L.166.154; 13.L.166.157; 13.L.166.166; 13.L.166.169; 13.L.166.172; 13.L.166.175; 
30 13.X166.240; 13.X166Ji44; 13.L.169.228; 13.L.169.229; 13.L.169.230; 13.L.169.231; 

13.L.169.236; 13.X169.237; 13.L.169.238; 13.X169.239; 13.L.169.154; 13.X169.157; 

13.X169.166; 13.L.169.169; 13.L.169.172; 13.L.169.175; 13.L.169.240; 13.X169.244; 

13.X172.228; 13.L.172229; 13.L.172.230; 13.X17Z231; 13.X172.236; 13.L.172.237; 

13.X172.238; 13.L.172.239; 13X.172.154; 13.L.172.157; 13.L.172.166; 13.L.172.169; 
35 13.L.172.172; 13.X172.175; 13.X172.240; 13.X17Z244; 13.L.175.228; 13.L.175.229; 

13.L.175.230; 13.L.175.231; 13.X175.236; 13.L.175.237; 13.L.175.238; 13.L.175.239; 

13.L.175.154; 13.L.175.157; 13.L.175.166; 13.X175.169; 13.L.175.172; 13.X175.175; 

13.L.175.240; 13.L.175.244; 13.L.240.228; 13.L.240.229; 13.L.240.230; 13.L.240.231; 

13.L.240.236; 13.L.240.237; 13.L240.238; 13.X240.239; 13.L.240.154; 13.L240.157; 
40 13.L.240.166; 13.L.240.169; 13.L.240.172; 13.L.240.175; 13.L.240.240; 13.L.240.244; 

13.L.244.228; 13.L.244.229; 13.L.244.230; 13.X244231; 13.L.244.236; 13.L.244.237; 

13.L.244.238; 13.L.244.239; 13.L.244.154;.13.L244.157; 13.L.244.166; 13.L244.169; 

13.L.244.172; 13.L.244175; 13.L.244.240; 13.L.244.244; 
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13.0.228.228; 13.0.228.229; 13.O.228.230; 13.0.228.231; 13.0.228.236; 13.0.228.237; 



13.0.228^, 
13.0.228.172 
13.0.229^0 
5 13.0^9.154; 
13.O.229.240, 
13.O.230.236 
13.O.230.166 
13.0.231.228, 

10 13.0.231.238 
13.0.231.172 
13.OJ236.230 
13.0.236.154, 
13.O.236.240, 

15 13.0.237.236, 
13.0.237.166, 
13.0.238J228 
13.0.238.238 
13.OJ238.172 

20 13.O.239.230 
13.0.239.154 
13.O.239.240 

13.0.154J236 
13.0. 154.166- 

25 13.0.157.228, 
13.0.157.238 
13.0.157.172 
13.O.166.230 
13.0.166.154 

30 13.O.166.240, 

13.0.169.236 
13.0.169.166. 

13.0.172.228, 

13.0.172.238 
35 13.0.172.172, 

13.O.175.230 
13.0.175.154, 
13.O.175.240 

13.O.240.236 
40 13.O.240.166' 

13.0.244J228 
13.0.244.238 
13.0.244.172 



13.0.228.239; 
13.0.228.175; 
13.0.229.231; 
13.0.229.157; 
13.0.229.244; 
13.O.230.237; 
13.O.230.169; 
13.0.231.229; 
13.0.231.239; 
13.0.231.175; 
13.0.236J231; 
13.0.236.157; 
13.0.236.244; 
13.0.237.237; 
13.0.237.169; 
13.OJ238.229; 
13.0.238J239; 
13.0.238.175; 
13.0.239J231; 
13.0.239.157; 
13.0.239.244; 
13.0.154.237; 
13.0.154.169; 
13.0.157.229; 
13.0.157.239; 
13.0.157.175; 
13.0.166.231; 
13.0.166.157; 

13.0.166.244; 
13.0.169.237; 
13.0.169.169; 
13.0.172.229; 
13.0.172.239; 
13.0.172.175; 
13.0.175.231; 
13.0.175.157; 
13.0.175.244; 
13.O.240.237; 
13.O.240.169; 
13.0.244.229; 
13.0.244.239; 
13.0.244.175; 



13.0.228.154; 
13.O.228.240; 
13.0.229.236; 
13.0.229.166; 
13.O.230.228; 
13.O.230J238; 
13.O.230.172; 
13.O.231.230; 
13.0.231.154; 
13.O.231.240; 
13.0.236.236; 
13.0.236.166; 
13.0.237.228; 
13.0.237.238; 
13.0.237.172; 
13.OJ238.230; 
13.0.238.154; 
13.O.238.240; 
13.0.239J236; 
13.0.239.166; 
13.0.154.228; 
13.0.154.238; 
13.0.154.172; 
13.O.157.230; 
13.0.157.154; 
13.O.157.240; 
13.0.166.236; 
13.0.166.166; 
13.0.169J228; 
13.0.169.238; 
13.0.169.172; 
13.O.172.230; 
13.0.172.154; 
13.O.172.240; 
13.0.175.236; 
13.0.175.166; 
13.O.240.228; 
13.O.240.238; 
13.O.240.172; 
13.OJ244.230; 
13.0.244.154; 
13.O.244240; 



13.0.228.157; 
13.0.228.244; 
13.0.229.237; 
13.0.229.169; 
13.O.230.229; 
13.OJ230.239; 
13.O.230.175; 
13.0.231.231; 
13.0.231.157; 
13.0.231.244; 
13.0.236J237; 
13.0.236.169; 
13.0.237.229; 
13.OJ237.239; 
13.OJ237.175; 
13.0J238J231; 
13.0.238.157; 
13.0.238.244; 
13.0.239.237; 
13.0.239.169; 
13.0.154.229; 
13.0.154.239; 
13.0.154.175; 
13.0.157231; 
13.0.157.157; 
13.0.157.244; 
13.0.166.237; 
13.0.166.169; 
13.0.169.229; 
13.0.169.239; 
13.0.169.175; 
13.0.172.231; 
13.0.172.157; 
13.0.172.244; 
13.0.175.237; 
13.0.175.169; 
13.O.240.229; 
13.O.240J239; 
13.O.240.175; 
13.0.244.231; 
13.0.244.157; 
13.0.244.244; 



13.0.228.166, 
13.0.229.228 
13.0.229J238 
13.0.229.172, 
13.O.230J230 
13.OJ230.154; 
13.O.230J240 

13.0.231.236 
13.0J231:166, 
13.0.236.228 
13.OJ236.238i 

13.0.236.172 
13.OJ237J230 
13.0.237.154 
13.O.237.240 
13.0J238J236 
13.0.238.166 
13.0.239.228 
13.OJ239.238 
13.0.239.172 
13.O.154.230, 
13.0.154.154 
13.O.154.240 

13.0.157.236 
13.0.157.166 

13.0.166.228 
13.0.166.238 

13.0.166.172 
13.O.169J30 

13.0.169.154 
13.O.169.240 
13.0.172J236; 
13.0.172.166 
13.0.175.228, 

13.0.175.238 
13.0.175.172, 
13.O.240.230, 
13.O.240.154. 
13.O.240.240 
13.0.244.236 
13.0.244.166 



13.OJ228.169 
13.0.229J229 
13.0.229J239 
13.0.229.175 
13.O.230.231 
13.0.230.157' 
13.O.230.244, 
13.0.231.237, 
13.OJ231.169 
13.0.236.229 
13.0J236J239 
13.0.236.175. 
13.0.237.231. 

13.0.237.157 

13.0.237.244. 
13.0.238.237 
13.0.238.169 
13.0.239.229, 
13.OJ239.239 
13.0.239.175 
13.0.154J231 

13.0.154.157 
13.0.154.244, 

13.0.157.237 
13.0.157.169 

13.0.166.229, 
13.0.166.239 
13.0.166.175 
13.0.169.231. 
13.0.169.157, 
13.0.169.244; 
13.0.172.237; 

13.0.172.169 
13.0.175.229, 
13.0.175.239 
13.0.175.175, 
13.O.240.231 
13.O.240.157; 
13.O.240.244; 

13.0.244.237 
13.0.244.169; 



45 Prodrugs of 13.P 
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13.P:228.228; 13JP.228.229; 13.P.228.230; 13P.228.231; 13.PJ228.236; 13.P.228.237; 



13J.228.238, 
13P.228.172 
13.P.229.230 
5 13.P.229.154 
13.P.229.240 
13P.230.236 
13P.230.166, 

13P.231.228 
10 13.P.231.238 
13.PJ231.172, 
13P.236.230, 
13.P.236.154, 
13.P.236.240 
15 13P237.236 
13.P.237.166 
13P.238.228, 
13.P.238.238 
13P.238.172 
20 13P.239.230 
13.P.239.154 
13P.239.240, 
13P.154.236 

13.P.154.166 
25 13P.157.228, 

13.P.157.238 
13P.157.172, 

13P.166.230 

13.P.166.154, 
30 13P.166Jt40, 
13.P.169.236, 
13.P.169.166, 
13P.172.228, 

13.P.172.238 
35 13.P.172.172, 

13P.175.230 
13.P.175.154! 
13P.175.240 
13P.240.236^ 
40 13P.240.166, 
13P.244.228, 

13P.244.238 
13P.244.172 



13.P.228.239 
13.P.228.175 
13.P.229.231 
13.P.229.157i 
13.P.229.244 

13P.230.237 
13.P.230.169 
13.P.231.229 
13P.231.239 
13P.231.175 
13.P.236.231 

13.P.236.157 
13.P.236.244 

13P.237.237 
13.P.237.169 

13.P.238.229 
13.P.238.239 
13.P.238.175 
13.PJ239.231 
13.P.239.157 
13.P.239.244 

13.P.154.237 

13.P.154.169 

13.P.157J229 
13.P.157.239 

13.P.157.175 
13.P.166.231 

13.P.166.157 
13.P.166.244 

13.P.169.237 
13.P.169.169 

13P.172J229 
13.P.172.2^9 
13P.172.175 
13.P.175.231 

13.P.175.157 
13.P.175.244 

13.P.240.237 
13P.240.169 
13.P.244.229 
13.P.244239 
13P.244.175 



13.P.228.154, 
13.P.228.240 
13.P.229.236 
13.P.229.166- 
13.P.230.228 
13.P.230.238, 
13.P.230.172 
13.P.231.230 

13.P.231.154 
13.P.231.240 
13.PJ236.236, 
13,P.236.166 
13.P.237.228 



13.PJ237.238 
13.P.237.172 

13.P.238.230 
13.P.238.154 
13P.238.240 
13.P.239.236 

13P.239.166 
13P.154J228 

13.P.154.238 

13.P.154.172. 

13.P.157.230; 
13.P.157.154 
13.P.157.240 
13.P.166.236 
13.P.166.166 
13.P.169J228 

13.P.169.238 
13P.169.172^ 
13P.172J230, 
13P.172.154, 
13.P.172.240 
13P.175.236, 

13.P.175.166 
13.P.240.228 
13P.240.238 
13P.240.172; 

13.P.244.230 
13P.244.154 

13P.244J240, 



13PJ28.157, 
13P.228.244, 
13P.229.237 
13.PJ229.169 
13.P.230229 
13.P.230.239 
13.P.230.175 
13.P.231.231 
13.P.231.157; 
13.P.231J244 
13.P.236.237, 

13.P.236.169 

13.P.237.229 

13.P.237.239 
13.P.237.175 
13.P.238.231 
13.P.238.157i 
13.P.238.244. 

13.P.239.237 
13.P.239.169 

13.P.154.229 
13.P.154.239, 

13.P.154.175 
13.P.157J231 

13.P.157.157 
13.P.157.244, 

13.P.166.237 
13P.166.169 
13P.169.229 

13.P.169.239 
13.P.169.175 
13.P.172^1, 

13.P.172.157 
13.P.172.244, 

13.P.175.237 

13.P.175.169 
13.P.240229i 

13.P.240.239 
13.P.240.175 
13.P.244.231 
13.P.244.157 
13.P.244.244; 



13P.228.166; 13PJ228.169 
13P.229.228; 13P.229.229 
13.P.229.238; 13.P.229.239 
13P.229.172; 13P.229.175 
13.P.230.230; 13.P.230.231 
13PJ230.154; 13P.230.157 
13P.230.240; 13P.230.244 
13.P.231.236; 13P.231.237 
13P.231.166; 13.P.231.169 
13.P.236.228; 13.P.236.229 
13.P.236.238; 13P.236.239 
13.P.236.172; 13P.236.175 
13P.237.230; 13.P.237.231 
13.PJ237.154; 13P.237.157 
13.P.237.240; 13.P.237.244, 
13.P.238.236; 13P.238.237 
13.P238.166; 13P.238.169 
13.P.239.228; 13.P.239.229 
13.P239.238; 13P.239239 
13.P.239.172; 13.P.239.175 
13.P.154.230; 13.P.154.231 
13.P.154154; 13P.154.157 
13.P.154.240; 13.P.154.244, 
13.P.157.236; 13.P.157237 
13.P.157.166; 13.P.157169 
13.P.166.228; 13.P.166.229 
13.P.166.238; 13P.166J239 
13.P.166.172; 13.P.166.175 
13.P.169J230; 13.P.169231 
13P.169.154; 13.P.169.157 
13.P.169.240; 13.P.169.244 
13.P.172.236; 13P.172.237 
13.P.172.166; 13.P.172.169 
13P.175.228; 13P.175J229, 
13.P.175.238; 13.P.175239 
13.P.175.172; 13.P.175.175 
13P240.230; 13P240231 

13.P.240.154; 13.P.240.157 
13.P240.240; 13.P.240.244, 

13.P244236; 13P.244.237 
13.P244.166; 13.P.244.169 



45 Prodrugs of 13.U 
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13.U^8.228; 13.UJ22S229; 13.U J228230; 13.UJ228J231} 13XS^J236; 13.V32S.237; 
13.U228J238; 13.U.228^9; 13.U.228.154; 13.U.228.157; 13.U.228.166; 13.U.228.169; 
13.U.228.172; 13.U.228.175; 13.U.228J240; 13.U.228^44; 13.U.229.228; 13.\J J29229} 
■i3.\S 229330; 13.\J229231; 13.U^9^36; 13Xi329237; 13.U.229.238; 13.U.229^39; 
13.U^.154; 13.U^457; 13.U:229.166; 13.U^9.169; 13.U.229.172; 13.U.229.175; 
13.U.229.240; 13.U.229.244; 13.U.230.228; 13.U^30m- 13.U^0.230; 13.15230231; 
13.Xi230336; 13.U^^7; 13.U^0^8; 13.U^^39; 13.U^0.154; 13.U.230.157; 
13.U.230.166; 13.U.230.169; 13.U.230.172; 13.U.230.175; 13.U.230.240; 13.U.230.244; 
13.U.231.228; 13.U.231.229; 13.U^31.230; 13.U.231.231; 13.U.231.236; 13.U^1^7; 
13.UJ231^8; 13.U^1^9; 13.U^1.154; 13.U.231.157; 13.U.231.166; 13.U^1.169; 
13.U.231.172; 13.U.231.175; 13.U.231^40; 13.U.231^44; 13.U.236.228; 13.U.236.229; 
13.U.236.230; 13.U.236^1; 13.U.236.236; 13.U.236^7; 13.U.236.238; 13.U^^9; 
13.U.236.154; 13.U.236.157; 13.UJ236.166; 13.U.236.169; 13.U.236.172; 13.U.236.175; 
13.U.236.240; 13.U.236.244; 13.U.237.228; 13.U.237.229; 13.U.237.230; 13.U.237.231; 
13.U.237^6; 13.U.237^37; 13.U.237.238; 13.U.237.239; 13.U.237.154; 13.U.237.157; 
13.U.237.166; 13.U.237.169; 13.U.237.172; 13.U.237.175; 13.U.237.240; 13.U.237.244; 
13.U.238.228; 13.U.238.229; 13.U.238.230; 13.U.238.231; 13.U.238.236; 13.U.238.237; 
13.U.238.238; 13.U.238.239; 13.U.238.154; 13.U.238.157; 13.U.238.166; 13.U.238.169; 
13.U.238.172; 13.U.238.175; 13.U.238.240; 13.U.238.244; 13.UJ239.228; 13.U.239.229; 
13.U.239.230; 13.U.239.231; 13.U.239.236; 13.U.239.237; 13.U.239.238; 13.U.239.239; 
13.U.239.154; 13.U.239.157; 13.U.239.166; 13.U.239.169; 13.U.239.172; 13.U.239.175; 
13.U.239J240; 13.U.239.244; 13.U.154.228; 13.U.154.229; 13.U.154.230; 13.U.154.231; 
13.U.154.236; 13.U.154.237; 13.U.154.238; 13.U.154.239; 13.U.154.154; 13.U.154.157; 
13.U.154.166; 13.U.154.169; 13.U.154.172; 13.U.154.175; 13.U.154.240; 13.U.154.244; 
13.U.157.228; 13.U.157.229; 13.U.157.230; 13.U.157231; 13.U.157.236; 13.U.157.237; 
13.U.157.238; 13.U.157.239; 13.U.157.154; 13.U.157.157; 13.U.157.166; 13.U.157.169; 
13.U.157.172; 13.U.157.175; 13.U.157.240; 13.U.157.244; 13.U.166.228; 13.U.166.229; 
13.U.166.230; 13.U.166.231; 13.U.166J236; 13.U.166.237; 13.U.166.238; 13.U.166.239; 
13.U.166.154; 13.U.166.157; 13.U.166.166; 13.U.166.169; 13.U.166.172; 13.U.166.175; 
13.U.166.240; 13.U.166.244; 13.U.169.228; 13.U.169.229; 13.U.169J230; 13.U.169.231; 
13.U.169.236; 13.U.169.237; 13.U.169.238; 13.U.169.239; 13.U.169.154; 13.U.169.157; 
13.U.169.166; 13,U.169.169; 13.U.169.172; 13.U.169.175; 13.U.169.240; 13.U.169.244; 
13.U.i72.228; 13>U.172.229; 13.U.172.230; 13.U.172.231; 13.U.172.236; 13.U.172.237; 
13;U.172.238; 13.U.172.239; 13,U.172.154; 13.U.172.157; 13.U.172.166; 13.U.172.i69; 
13.U.172.172; 13.U.172.175; 13.U.172.240; 13:U.17Z244; 13.U.175.228; 13.U.175.229; 
13.U.175.230; 13.U.175.231; 13.U.175.236; 13.U.175.237; 13.U.175.238; 13.U.175.239; 
13.U.175.154; 13.U.175.157; 13.U.175.166; 13.U.175.169; 13.U.175.172; 13.U.175.175; 
13.U.175.240; 13.U.175.244; 13.U.240.228; 13.U.240.229; 13.U.240.230; 13.U.240.231; 
13.U.240.236; 13.U.240.237; 13.U.240.238; 13.U.240.239; 13.U.240.154; 13.U.240.157; 
13.U.240.166; 13.U.240.169; 13.U.240.172; 13.UJ240.175; 13.U.240.240; 13.U.240.244; 
13.U.244.228; 13.U244.229; 13.U.244.230; 13.U.244.231; 13.U.244.236; 13.U.244.237; 
13.U.244.238; 13.U244.239; 13.U.244154; 13.U244.157; 13.U244.166; 13.U244.169; 
13.U.244.172; 13.U244.175; 13.U.244.240; 13.U244.244; 

Prodrugs of 1 3-W 
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13.W.228.228; 13.W.228.229; 13.W.228^30; 13.W228231; 13.WJ228.236; 



13.W.228.237 
13.W.228.169 
13.W.229.229 

5 13.W229.239 
13.W.229.175 
13.W.230.231 
13.W230.157 

13.W230244, 

10 13.W231.237 
13:W231.169 
13.W.236.229 
13.W236.239! 
13.W.236.175 

15 13.W237.231 

13.W237.157 
13.W.237244 

13.W238237 
13.W.238.169 
20 13.W239.229 
13.W239.239 
13.W239.175 
13.W.154.231 

13.W.154.157 
25 13.W.154.244 

13.W.157.237 
13.W.157.169 
13.W.166.229 
13.W.166.239 

30 13.W.166.175 
13.W.169.231 
13.W.169.157 
13.W.169244, 
13»W.172237 

35 13iW.172.169 
13.W.175.229 

13.W.175.239 
13.W.175.175 
13.W240.231 

40 13.W240.157 
13.W240244 
13.W244.237 
13.W244.169 



13.W.228238; 
13.W228.172; 
13.W.229230; 
13.W229.154; 
13.W.229.240; 
13.W.230.236; 
13.W230.166; 
13.W.231228; 
13.W231.238; 
13.W.231.172; 
13.W.236230; 
13.W236.154; 
13.W.236240; 
13.W237236; 
13.W.237.166; 
13.W.238228; 
13.W238238; 
13.W.238.172; 
13.W239.230; 

13.W239.154; 
13.W.239.240; 
13.W.154.236; 
13.W.154.166; 
13.W.157.228; 
13.W.157.238; 
13.W.157.172; 
13.W.166.230; 

13.W.166.154; 
13.W.166.240; 
13.W.169.236; 
13.W.169.166; 
13.W.172228; 
13.W.172.238; 
13.W.172.172; 
13.W.175230; 
13.W.175.154; 
13.W.175240; 
13.W.240236; 
13.W.240.166; 
13.W244.228; 
13.W.244.238; 
13.W.244.172; 



13.W.228.239; 
13.W228.175; 
13.W.229231; 
13.W229.157; 
13.W.229.244; 
13.W230237; 
13.W230.169; 
13.W.231229; 
13.W231.239; 
13.W.231.175; 
13.W.236.231; 
13.W236.157; 
13.W.236.244; 
13.W.237237; 
13.W.237.169; 
13.W.238.229; 
13.W238.239; 
13.W.238.175; 
13.W239231; 
13.W.239.157; 
13.W.239244; 
13.W.154.237; 
13.W.154.169; 
13.W.157.229; 
13.W.157.239; 
13.W.157.175; 
13.W.166.231; 
13.W.166.157; 
13.W.166.244; 
13.W.169.237; 
13.W.169.169; 
13.W.172229; 
13.W.172239; 
13.W.17Z175; 
13.W.175.231; 
13.W.175.157; 
13.W.175244; 
13.W.240237; 
13.W.240.169; 
13.W244.229; 
13.W.244.239; 
13.W244.175; 



13.W228.154 
13.W228240 
13.W229236 
13.W.229.166! 
13.W230.228 

13.W230.238 
13.W230.172 
13.W.231.230 
13.W.231.154 
13.W231240 
13.W.236.236 
13.W.236.166 
13.W.237.228 

13.W237.238 
13.W.237.172 
13.W.238.230 
13.W.238.154 
13.W238.240 
13.W.239.236 
13.W.239.166 
13.W.154.228 

13.W.154.238 

13.W.154.172 

13.W.157.230 
13.W.157.154 
13.W.157.240 

13.W.166.236 
13.W.166.166 
13.W.169.228 

13.W.169238 
13.W.169.172 

13.W.172.230 
13.W.172.154; 

13.W.172.240 

13.W.175236 
13.W.175.166 
13.W.240.228. 
13.W.240238 
13.W.240.172 
13.W.244.230, 
13.W.244.154 
13.W.244240 



13.W.228.157; 
13.W.228244; 
13.W.229237; 
13.W.229.169; 
13.W.230.229; 
13.W.230.239; 
13.W.230.175; 
13.W.231.231; 
13.W231.157; 
13.W231.244; 
13.W.236.237; 
13.W236.169; 
13.W237.229; 
13.W.237239; 
13.W.237.175; 
13.W.238.231; 
13.W.238.157; 
13.W.238.244; 
13.W.239.237; 
13.W.239.169; 
13.W.154.229; 
13.W.154.239; 
13.W.154.175; 
13.W.157.231; 
13.W.157.157; 
13.W.157.244; 
13.W.166237; 
13.W.166.169; 
13.W.169.229; 
13.W.169239; 
13.W.169.175; 
13.W.172231; 
13.W.172.157; 
13.W.172.244; 
13.W.175237; 
13.W.175.169; 
13.W.240229; 
13.W.240.239; 
13.W.240.175; 
13.W.244231; 
13.W.244.157; 
13.W244244; 



13.W228.166 
13.W.229228, 
13.W.229.238, 
13.W.229.172, 
13.W.230.23Q 
13.W.230.154i 
13.W.230240 
13.W.231.236, 
13.W.231.166 
13.W.236.228, 
13.W.236.238, 
13.W.236.172 
13.W.237.230, 
13.W.237.154, 
13.W237240, 

13.W238.236 
13.W.238.166 
13.W.239.228 
13.W.239238, 
13.W.239.172 
13.W.154.230 

13.W.154.154 

13.W.154.240, 

13.W.157.236, 
13.W.157.166, 
13.W.166.228 
13.W.166.238 
13.W.166.172 
13.W.169.23Q 
13.W.169.154, 
13.W.169.240, 
13.W.172.236 
13.W.172.166 
13.W.175.228 
13.W.175238, 
13.W.175.172, 

13.W.240.230 
13.W.240.154, 
13.W.240.24Q 

13.W.244236 
13.W.244.166; 
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13.Y.228.228; 13.Y.228.229; 13.Y.228.230; 13.Y.228^1; 13.Y.228^6; 13.Y.228.237; 



13.YJ228^; 

13.Y^.172; 

13.Y.229.230; 
5 13.Y^9.154; 

13.YJ29.240; 

13.Y230J36; 

13.YJ230.166; 

13.YJ231.228; 
10 13.Y.231J238; 

13.Y.231.172; 

13.Y:236.230; 

13.YJ236.154; 

13.Y.236.240; 
15 13.Y.237J236; 

13.Y.237.166; 

13.YJ238J228; 

13.Y.238.238; 

13.Y.238.172; 
20 13.Y.239.230; 

13.Y.239.154; 

13.Y^9.240; 

13.Y.154^6; 

13.Y.154.166; 
25 13.Y.157:228; 

13.Y.157.238; 

13.Y.157.172; 

13.Y.166.230; 

13.Y.166.154; 
30 13.Y.166^40; 

13.Y.169.236; 

13.Y.169.166; 

13. Y. 172^; 

13.Y.172.238; 
35 13.Y.172.172; 

13.Y.175.230; 

13.Y.175.154; 

13.Y.175^40; 

13.Y.240.236; 
40 13.Y.240.166; 

13.Y.244J228; 

13.Y.244J238; 

13.Y.244.172; 



13.Y.228.239 
13.Y.228.175 
13.YJ229.231 
13.Y.229.157i 
13.Y.229.244, 
13.Y.230.237; 
13.Y.230.169 
13.Y231.229 
13.Y.231.239 

13.Y.231.175 
13.YJ236.231 
13.Y.236.157i 
13.Y.236.244, 
13.Y.237.237 

13.Y.237.169 
13.Y.238.229, 
13.Y.238.239 
13.Y.238.175, 
13.Y.239J231 

13.Y.239.157 
13.Y.239.244, 
13.Y.154.237, 

13.Y.154.169 
13.Y.157.229 

13.Y.157.239 
13.Y.157.175 
13.Y.166^1 

13.Y.166.157 
13.Y.166.244 

13.Y.169.237; 
13.Y.169.169 
13.Y.172.229, 

13.Y.172.239 
13.Y.172.175, 
13.Y.175.231 
13.Y.175.157 
13.Y.175.244i 
13.Y.240.237; 
13.Y.240.169 

13.Y.244.229 
13.Y.244.239 
13.YJi44.175' 



13.Y.228.154, 
13.Y.228.240 
13.Y.229.236 
13.Y.229.166 
13.Y.230.228 
13.Y.230J38. 
13.Y.230.172 
13.Y.231.230, 
13.YJ231.154^ 
13.Y.231.240 
13.Y.236.236 
13.Y.236.166 
13.Y.237.228 
13.Y.237.238 
13.Y.237.172 
13.Y.238.230 
13.Y.238.154 
13.Y.238.240 
13.YJ239.236 
13.Y.239.166 

13.Y.154:228 
13.Y.154238 
13.Y.154.172 
13.Y.157.230 
13.Y.157.154! 
13.Y.157.240 
13.Y.166.236 
13.Y.166.166 
13.Y.169.228 
13.Y.169.238 
13.Y.169.172 
13.Y.17Z23G^ 
13.Y.172.154. 
13.Y.172.240 
13.Y.175.236 
13.Y.175.166 
13.YJ24G.228 
13.Y.240.238 
13.Y.240.172 
13.Y.244.230 
13.Y.244.154 
13.Y.244.240; 



13.Y^.157; 
13.Y.228.244; 
13.Y.229.237; 
13.Y.229.169; 
13.Y.230.229; 
13.Y.230.239; 
13.Y.230.175; 
13.Y.231.231; 
13.Y.231.157; 
13.Y.231.244; 
13.Y.236.237; 
13.Y.236.169; 
13.Y.237J229; 
13.Y.237.239; 
13.Y:237.175; 
13.Y.238.231; 
13.Y.238.157; 
13.YJ238.244; 
13.YJ239J237; 
13.Y.239.169; 
13.Y.154.229; 
13.Y.154.239; 
13 •^^•l 54*175/ 
13.Y.157.231; 
13.Y.157.157; 
13.Y.157.244; 
13.Y.166JZ37; 
13.Y.166.169; 
13.Y.169.229; 
13.Y.169.239; 
13.Y.169.175; 
13.Y.172231; 
13.Y.172.157; 
13.Y.172J244; 
13.Y.175.237; 
13.Y.175.169; 
13.Y.240.229; 
13.Y.240.239; 
13.Y.240.175; 
13.Y.244.231; 
13.Y.244.157; 
13.Y.244.244; 



13.Y.228.166; 
13.Y.229.228; 
13.Y.229.238; 
13.Y.229.172; 
13.Y.230.230; 
13.Y:230.154; 
13.Y.230.240; 
13.Y.231.236; 
13.Y.231.166; 
13.Y.236.228; 
13.Y.236.238; 
13.Y.236.172; 
13.Y.237.230; 
13.Y^7.154; 
13.Y.237.240; 
13.Y^.236; 
13.Y.238.166; 
13.Y.239.228; 
13.Y.239.238; 
13.Y.239.172; 
13.Y.154.230; 
13.Y.154.154; 
13.Y.154.240; 
13.Y.157.236; 
13.Y.157.166; 
13.Y.166.228; 
13.Y.166.238; 
13.Y.166.172; 
13.Y.169.230; 
13.Y.169.154; 
13.Y.169.240; 
13.Y.172.236; 
13.Y.172.166; 
13.Y.175.228; 
13.Y.175.238; 
13.Y.175.172; 
13.Y^40.230; 
13.Y.240.154; 
13.Y.240.240; 
13.YJ244.236; 
13.Y.244166; 



13.Y.228.169, 

13.Y.229.229 
13.YJ229.239, 

13.YJ229.175 
13.Y.230.231 
13.Y.230.157; 
13.Y.230.244, 
13.YJ231.237, 
13.Y.231.169 
13.Y.236.229 
13.Y:236.239 
13.Y.236.175 
13.Y.237.231 
13.Y.237.157; 
13.Y.237.244, 
13.Y.238.237; 
13.Y.238.169 
13.Y.239.229 
13.Y.239.239, 

13.Y.239.175 
13.Y.154.231 
13.Y.154.157, 
13.Y.154.244, 
13.Y.157.237; 
13.Y.157.169 

13.Y.166.229 
13.Y.166.239 

13.Y.166.175 
13.Y.169.231 
13.Y.169.157i 
13.Y.169.244, 
13.Y.172.237J 
13.Y.172.169 
13.Y.175.229 

13.Y.175.239 
13.Y.175.175 
13.Y.240.231 
13.Y.240.157; 
13.Y.240.244, 
13.Y.244.237i 
13.Y.244.169 



- 204 - 



• 



wo 03/090690 



PCT/DS03/12901 



10 



15 



20 



25 



30 



35 



40 



45 



Prodrugs of 14.AH 

14.AH.4.157; 14^4.158; 14.AH.4.196; 14.AH.4.223; 14^.4.240; 14.Aa4.244; 
14.AH.4.243; 14.AH.4.247; 14J^.5.157; 14^01.5.158; 14.AH.5.196; 14.AH.5.223; 
14^.5.240; 14;AIL5.244; 14j\H.5.243; 14j\IL5.247; 14j\H.7.157; 14.AH.7.158; 
14.AH.7.196; 14.AH.7.223; 14.AH.7.240; 14.AH.7.244; 14.AH.7.243; 14.AH.7.247; 



14.AH.15.157 
14.AH. 15.243 
14 J^H. 16.240 
14.AH.18.196 
14.AH.26.157 
14.AH.26.243 
14JtfI.27.240 
14.AH.29.196 
14JtfL54.157 
14.AH.54.243 
14.AH.55.240 
14.AH.56.196 
14.AH.157.157 
14.AH.157.244 
14.AH. 196.196 
14.AH.196.247 
14.AH,223.240 
14.AH.240.158 
14.AH.240.243 
14.AH.244.223 
14.AH.247.157 
14.AH.247.244 



14.AH.15.158 
14.AH. 15.247 
14.AH.16.244 
14.AH.18.223 
14.AR26.158 
14.AH.26.247 
14J^27.244 
14.AH.29.223 
14.AH.54.158 
14.AH.54.247 
14j\H.55.244 
14J^56.223 
14.AH.157.158 
14.AH.157.243 
14.AH. 196.223 
14^^.223. 157 
14.AH.223.244 
14.AH.240.196 
14J^240.247 
14.AH.244.240 
14.AH.247.158 
14.AH.247.243 



14.AH.15.196; 14.AH.15.223 
14.AH.16.157; 14.AH.16.158 
14.AH. 16.243; 14. AH. 16.247 
14JVH.18.240; 14.AH.18.244 
14.AH.26.196; 14.AH.26.223 
14.AH.27.157; 14.AH.27.158 
14.AH.27.243; 14.AH.27.247 
14.AH.29.240; 14.AH.29.244 
14.AH.54.196; 14.AR54.223 
14.AH.55.157; 14.AH.55.158 
14j\H.55.243; 14j\H.55.247 



14j\H.15.240 
14.AH.16.19d 
14.AH.18.157 
14.AH.18.243 
14.AH.26.240 
14.AH.27.196 
14.AH.29. 157 
14.AH.29.243 
14.AH.54.240 
14.AH.55. 196 
14.AH.56.157 



14.AH.56.240; 14.AH.56.244; 14.AIL56.243 



14.AH. 15.244 
14.AH.16.223 
14.AH.18.158 
14.AH. 18.247 
14.AH.26.244 
14J^27.223 
14.AH.29.158 
14.AH.29.247 
14j\H54.244 
14^^.55.223 
14j\H.56.158 
14Jai.56.247 



14.AH.157.196; 14.AH.157.223 
14. AH. 157.247; 14.AH.196.157 
14.AH.196.240; 14.AH.196.244 
14j\H.223.158; 14j\H.223.196 
14.AH.223.243; 14.AH.223.247 
14.AH.240.223; 14.AH.240.240 
14.Att244.157; 14j\H.244.158 
14.AH.244.244; 14.AH.244.243 
14.AH.247.196; 14.AH.247.223 
14j\H247.247; 



14^^.157.240 
14AH. 196.158 
14.AH. 196.243 
14.AH.223.223 
14.AH.240.157 
14.AH.240.244 
14.AH.244.196 
14.AH.244.247 
14.AH.247.240 



Prodrugs of 14AT 

14.AJ.4.157; 14JU.4.158; 14.AJ.4.196; 14.AJ.4.223; 14.AJ.4.240; 14.AJ.4.244; 
14.AJ.4.243; 14jy.4.247; 14AF.5.157; 14JU.5.158; 14Af.5.196; 14AF.5.223; 14.AJ.5.240; 
14.AJ.5.244; 14.AJ.5.243; 14:AJ.5.247; 14Ar.7.157; 14AF.7.158; 14Ar.7.196; 14.AJ.7.223; 



14.AJ.7.240; 14.AJ.7.244; 14.AJ.7.243; 14 



14:AJ.15.196 
14.AJ.16.157 
14.AJ. 16.243 
14 AT. 18.240 
14.AJ.26.196 
14.AJ.27.157 
14.AJ.27.243 
14.AJ.29.240 
14.AJ.54.196 
14.AJ.55.157 
14.AJ.55.243 
14.AJ.56.240 



14JU.15.223 
14.AJ.16.158 
14.AJ.16.247 
14.AJ.18.244 
14.AJ.26.223 
14.AJ.27.158 
14.AJ.27.247 
14.AJ.29.244 
14.AJ.54.223 
14.AJ.55.158 
14.AJ.55.247 
14.AJ.56.244 



14 AT. 15.240 
14.AJ.16.196 
14.AJ.18.157 
14.AJ. 18.243 
14.AJ.26.240 
14AJ.27.196 
14AJ.29.157 
14JVJ.29.243 
14JU.54.240 
14AJ.55.196 
14JVJ.56.157 



AJ.7.247; 14JJ.15.157; 14.AJ. 15.158; 



14.AJ.15.244 
14.AJ. 16.223 
14JVJ.18.158 
14JJ.18.247 
14AF.26.244 
14JJ.27.223 
14.AJ.29.158 
14JJ.29.247 
14JJ.54.244 
14Ar.55.223 
14JJ.56.158 
14.AJ.56.247 



14AJ. 15.243 
14.AJ. 16.240 
14.AJ.18.196 
14.AJ.26.157 
14.AJ.26.243 
14.AJ.27.240 
14.AJ.29.196 
14.AJ.54.157 
14.AJ.54.243 
14.AJ.55.240 
14.AJ.56.196 



14jy.lS.247 
14 JJ. 16.244 
14JJ.18.223 
14JJ.26.158 
14JJ.26.247 
14JJ.27.244 
14.AJ.29.223 
14.AJ.54.158 
14jVJ.54.247 
14.AJ.55.244 
14AJ.56.223 



14jVJ.157.157; 14JJ.157.158; 



14.AJ.56.243; 

14.AJ. 157.196; 14.AJ.157J223; 14 JVJ. 157.240; 14.AJ. 157.244; 14 jVJ. 157.243; 
14.AJ.157.247; 14Ar.196.157; 14.AJ.196.158; 14.AJ.196.196; 14JJ.196.223; 
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14.AJ.196.240 
14.AJ.223.158 
14.AJ.223.243 
14.AJ.240.223 
14.AJ.244.157 
14.AJ.244.244 
14.AJ.247.196 
14.AJ.247.247; 



14.AJ. 196.244; 
14.AJ,223.196; 
14j\J.223.247; 
14j\J.240.240; 
14.AJ.244.158; 
14JU.244.243; 
14j\J.247.223; 



14. AJ. 196.243 
14.AJ.223.223 
14.AJ.240. 157 
14.AJ.240.244 
14.AJ.244.196 
14.AJ.244.247 
14JU.247.240 



14. AJ. 196.247 
14.AJ.223.240 
14.AJ.240.158 
14.AJ.240.243 
14.AJ.244.223 
14.AJ.247.157 
14JU.247.244 



14.AJ. 
14.AJ. 
14.AJ, 
14.AJ. 
14. AJ, 
14.AJ. 
14.AJ. 



223.157; 

240.196; 
240.247; 
244-240; 
247.158; 
247.243; 



Prodrugs of 14.AN 

14.AN.4.157; 14.AN.4.158; 14.AN.4.196; 14.AN.4.223; 14.AN.4.240; 14.AN.4.244; 
14j\N.4.243; 14.AN.4.247; 14J^.5.157; 14.AN.5.158; 14j\N.5.196; 14.AN.5.223; 
14JVN.5.240; 14.AN.5.244; 14.AN.5.243; 14.AN.5.247; 14JW.7.157; 14.AN.7.158; 
14.AN.7.196; 14.AN.7.223; 14.AN.7.240; 14.AN.7.244; 14.AN.7.243; 14.AN.7.247; 



14.AN.15.157 
14j\N.15.243 
14.AN. 16.240 
14.AN.18.196 
14.AN.26.157 
14.AN.26.243 
14.AN.27.240 
14.AN.29.196 
14.AN.54.157 
14.AN.54.243 
14.AN.55.240 



14.AN.15.158 
14 J\N. 15.247 
14.AN. 16.244 
14.AN. 18.223 
14JSJS[.26.158 
14J^.26.247 
14.AN.27.244 
14JSN.29.223 
14.AN.54.158 
14.AN.54.247 
14j\N.55.244 



14.AN.56.196; 14.AN.56.223 



14JUSI.15.196; 14.AN. 15.223; 14.AN. 15.240 
14j\N.16.157; 14J^J4.16.158; 14JVN.16.196 
14.AN.16.243; 14.AN.16.247; 14.AN.18.157 
14.AN. 18.240; 14.AN.18.244; 14.AN.18.243 
14.AN.26.196; 14J^.26.223; 14.AN.26.240 
14.AN.27.157; 14.AN.27.158; 14.AN.27.196 
14.AN.27.243; 14.AN.27.247; 14.AN.29.157 
14.AN.29.240; 14jVN.29.244; 14.AN.29.243 
14.AN.54.196; 14.AN.54.223; 14.AN.54.240 
14.AN.55.157; 14.AN.55.158; 14.AN.55.196 
14.AN.55.243; 14j\N.55.247; 14.AN.56.157 
14.AN.56.240; 14.AN.56.244; 14.AN.56.243 



14.AN. 15.244 
14.AN. 16.223 
14.AN. 18.158 
14.AN. 18.247 
14JVN.26.244 
14.AN.27.223 
14JVN.29.158 
14.AN.29.247 
14.AN.54.244 
14.AN.55.223 
14JVN.56.158 
14.AN.56.247 



14.AN.157.157 
14.AN. 157.244 
14.AN.196.196 
14.AN. 196.247 
14.AN.223.240: 
14.AN.240.158 
14.AN.240.243 
14.AN.244.223 
14jyvr.247.157 
14jVN.247.244 



14.AN.157.158 
14.AN.157.243 
14.AN. 196.223 
14.AN.223.157 
14.AN.223.244 
14.AN.240.196 
14.AN.240.247 
14jVN.244.240 
14.ANv247.158 
14jVN.247.243 



14.AN.157.196 
14.AN. 157.247 
14 J^. 196.240 
14.AN.223.158 
14.AN.223.243 
14.AN.240.223 
14AN.244.157 
14JVN.244.244 
14JVN.247.196 
14.AN.247.247 



14.AN. 157.223 
14.AN.196.157 
14JVN. 196.244 
14.AN.223.196 
14.AN.223.247 
14.AN.240.240 
14JVN.244.158 
14JVN.244;243 
14.AN.247.223 



14.AN. 157.240 
14J^.196.158 
14.AN. 196.243 
14.AN.223.223 
14JVN.240.157 
14.AN.240.244 
14.AN.244.196 
14.AN.244.247 
14jVN.247.240 



Prodrugs of 14.AP 

14.AP.4.157; 14.AP.4.158; 
14.AP.4.243; 14JVP.4.247; 14 
14.AP.5.240; 14.AP.5.244; 14 
14.AP.7.196; 14.AP.7.223; 14 
14.AP.15.157; 14.AP.15.158 
14.AP.15.243; 14JVP.15.247 
14.AP.16.240; 14.AP.16.244 
14.AP.18.196; 14.AP.18.223 
14.AP.26.157; 14.AP.26.158 
14.AP.26.243; 14.AP.26.247 



14.AP.4.196; 14JVP.4.223; 14.AP.4.240; 14.AP.4.244; 
.AP.5.157; 14.AP.5.158; 14.AP.5.196; 14.AP.5.223; 
.AP.5.243; 14JVP.5.247; 14JVP.7.157; 14JVP.7.158; 
.AP.7.240; 14.AP.7.244; 14.AP.7.243; 14JVP.7.247; 



14.AP.15.196; 14.AP.15.223 
14.AP. 16.157; 14.AP.16.158 
14.AP.16.243; 14.AP.16.247 
14.AP. 18.240; 14.AP. 18.244 
14.AP.26.196; 14JVP.26.223 
14.AP.27.157; 14JVP.27.158 



14.AP. 15.240 
14.AP.16.196 
14.AP.18.157 
14.AP. 18.243 
14JVP.26.240 



14.AP. 15.244 
14 JVP. 16.223 
14.AP.18.158 
14 JJ>. 18.247 
14JVP.26.244 



14.AP.27.196; 14JVP.27.223 
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14.AP.27.240 
14.AP.29.196 
14.AP.54.157 
14.AP.54.243 
14.AP.55.240 
14.AP.56.196 
14.AP.157.157 
14j\P. 157.244 
14.AP.196.196 
14.AP. 196.247 
14.AP.223.240 
14.AP.240.158 
14.AP.240.243 
14.AP.244.223 
14.AP.247.157 
14.AP.247.244 



14j\P.27.244 
14.AP.29.223 
14^^.54.158 
14.AP.54.247 
14AP.55.244 
14JVP.56.223 
14.AP.157.158 
14.AP. 157.243 
14.AP. 196.223 
14.AP.223.157 
14.AP.223.244 
14.AP.240.196 
14j\P.240.247 
14J^.244.240 
14.AP.247. 158 
14J^.247.243 



14.AP.27.243; 14j\P.27.247; 
14.AP.29.240; 14J^.29.244; 
14.AP.54.196; 14J\P.54.223; 
14.AP.55.157; 14J^.55.158; 
14.AP.55.243; 14j\P.55.247; 
14.AP.56.240; 14Jtf .56.244; 



14JVP.29.157; 14jVP.29.158 
14.AP.29.243; 14.AP.29.247 
14J^.54J2A0; 14.AP.54.244 
14.AP.55.196; 14.AP.55.223 
14JVP.56.157; 14.AP.56.158 
14.AP.56.243; 14.AP.56.247 



14.AP.157.196 
14 jVP. 157.247 
14.AP.196.240 
14.AP.223.158 
14.AP.223.243 
14.AP.240.223 
14.AP.244.157 
14.AP.244.244 
14.AP.247.196 
14.AP.247.247 



14.AP.157, 
14.AP.196. 
14.AP.196. 
14.AP.223. 
14.AP.223. 
14.AP.240, 
14.AP.244, 
14.AP.244, 
14j\P.247, 



223 
157 
244 
196 
247 
240 
158 
243 
223 



14. AP. 157.240 
14.AP.196.158 
14.AP. 196.243 
14.AP.223.223 
14.AP.240.157 
14.AP.240.244 
14.AP.244.196 
14.AP.244.247 
14.AP.247.240 



20 



25 



30 



35 



40 



45 



Prodrugs of 14.AZ 

14.AZ.4.157; 14.AZ.4.158; 14.AZ.4.196; 14.AZ.4.223; 14.AZ.4.240; 14.AZ.4.244; 
14.AZ.4.243; 14JVZ.4.247; 14JVZ.5.157; 14.AZ.5.158; 14.AZ.5.196; 14JVZ.5.223; 
14.AZ.5.240; 14JVZ.5.244; 14.AZ.5.243; 14.AZ.5.247; 14.AZ.7.157; 14.AZ.7.158; 
14.AZ.7.196; 14JVZ.7.223; 14j^Z.7.240; 14.AZ.7.244; 14JVZ.7.243; 14JVZ.7.247; 



14.AZ.15.157 
14.AZ. 15.243 
14. AZ. 16.240 
14.AZ.18.196 
14.AZ.26.157 
14.AZ.26.243 
14.AZ.27.240 
14.AZ.29.196 
14.AZ.54.157 
14.AZ.54.243 
14.AZ.55.240 
14.AZ.56.196 
14.AZ.157.157 
14.AZ. 157.244 
14.AZ.196.196 
14. AZ. 196.247 
14JVZ.223.240 
14.AZ.240.158 
14.AZ.240.243 
14.AZ.244.223 
14.AZ.247.157 
14.AZ.247.244 



14JVZ.15.158 
14.AZ.15.247 
14 JVZ. 16.244 
14.AZ.18.223 
14AZ.26.158 
14.AZ.26.247 
14.AZ.27.244 
14JVZ.29.223 
14.AZ.54.158 
14JVZ.54.247 
14.AZ.55.244 
14.AZ.56.223 
14.AZ.157.158 
14.AZ.157.243 
14.AZ.196.223 
14.AZ.223.157 
14.AZ.223.244 
14.AZ.240.196 
14.AZ.240.247 
14.AZ.244.240 
14.AZ.247.158 
14.AZ.247.243 



14.AZ.15.196; 14.AZ. 15.223 
14.AZ.16.157; 14.AZ.16.158 
14.AZ.16.243; 14JVZ.16.247 
14.AZ. 18.240; 14.AZ. 18.244 
14.AZ.26.196; 14.AZ.26.223 
14.AZ.27.157; 14.AZ.27.158 
14.AZ.27.243; 14.AZ.27.247 
14.AZ.29.240; 14.AZ.29.244 
14.AZ.54.196; 14.AZ.54.223 
14jVZ.55.157; 14.AZ.55.158 
14.AZ.55.243; 14.AZ.55.247 
14J^.56.240- 14.AZ.56.244 
14.AZ.157.196; 14.AZ.157.2^ 
14,AZ.157.247; 14.AZ.196.157 
14. AZ. 196.240; 14.AZ.196.244 
14.AZ.223.158; 14.AZ.223.196 
14.AZ.223.243; 14.AZ.223.247 
14jVZ.240.223; 14jVZ.240.240 
14.AZ.244.157; 14jVZ.244.158 
14.AZ.244.244; 14.AZ.244.243 
14.AZ.247.196; 14.AZ.247.223 
14JVZ.247.247; 



14.A21 15.240 
14.AZ.16.196 
14.AZ.18.157 
14.AZ.18.243 
14.AZ.26.240 
14.AZ.27.196 
14.AZ.29. 157 
14.AZ.29.243 
14.AZ.54.240 
14.AZ.55.196 
14.AZ.56.157 
14.AZ.56.243 

14JVZ.157.240; 
14JVZ.196.158 
14 jVZ. 196.243 
14JVZ.223.223 
14.AZ.240.157 
14.AZ.240.244 
14.AZ.244.196 
14.AZ.244.247 
14JVZ.247.240 



14. AZ 15.244 
14.AZ. 16.223 
14JVZ.18.158 
14.AZ.18.247 
14JVZ26.244 
14JVZ27223 
14.AZ.29.158 
14JVZ.29.247 
14.AZ.54.244 
14JVZ.55.223 
14.AZ56.158 
14.AZ.56.247 



Prodrugs of 14BF 

14.BF.4.157; 14.BF.4.158; 14.BF.4.196; 14.BF.4.223; 14.BF.4.240; 14.BF.4.244; 
14.BF.4.243; 14.BF.4.247; 14.BF.5.157; 14.BF.5.158; 14.BF.5.196; 143F.5.223; 
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14.BF.5.240; 14.BF.5^; 14.BF.5.243; 14.BF.5.247; 14.BR7.157; 14JBF.7.158; 
14.BF.7.196; 14.BF.7.223; 14.BF.7.240; 14.BF.7.244; 14.BF.7.243; 14^7.247; 
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20 



25 



30 
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40 



45 



14.BF.15.157 
14.BF. 15.243 
14.BF.16.240 
14.BF.18.196 
14.BF.26.157 
14.BF.26.243 
14.BF.27.240 
14.BF.29.196 
14.BF.54.157 
143F.54.243 
143F.55.240 
14.BF.56.196 
14JBF.157.157 
14.BF.157.244 
14.BF.196.196 
14.BF. 196.247 
14.BF.223.240 
14.BF.240.158 
14.BF.240.243 
14.BF.244.223 
14.BF.247.157 
14.BF.247.244 



14.BF.15.158 
14.BF. 15.247 
14.BF. 16.244 
14.BF.18.223 
14.BF.26.158 
14.BF.26.247 
14.BF.27.244 
14.BR29.223 
14.BF.54.158 
14.BF.54.247 
14.BF.55.244 
14.BF.56.223 



14.BF.15.196; 14.BF.15.223; 14.BR15.240 
14.BF. 16.157; 143F.16.158; 14.BF.16.196 
14.BF. 16.243; 14.BF.16.247; 14mi8.157 
143F.18.240; 143F.18.244; 14JBF.18.243 
14.BF.26.196; 14.BF.26.223; 14JBR26.240 
14.BF.27.157; 14.BF.27.158; 14JBR27.196 
14.BF.27.243; 14.BF.27.247; 14.BF.29.157 
143R29.240; 14.BR29.244; 14.BR29.243 
14.BF.54.196; 14.BF.54.223; 14JBF.54.240 
14.BR55.157; 14.BF.55.158; 14.BF.55.196 
14.BR55.243; 143R55.247; 14.BR56.157 
14.BR56.240; 14JBF.56.244; 143F.56.243 



14.BR 15.244 
14.BR 16.223 
14.BR18.158 
14.BR 18.247 
14.BF.26.244 
14.BR27.223 
14.BF.29.158 
14.BR29.247 
14.BF.54.244 
14.BR55.223 
14.BR56.158 
14.BR56.247 



14JBR157.158; 14.BF.157.196 
14.BR157.243; 14.BF.157.247 
14.BF.196.223; 14:BR196.240 
14.BF.223.157; 14.BR223.158 
14.BR223.244; 14.BF.223.243 
14.BR240.196; 14.BR240.223 
14.BF.240.247; 14.BF.244.157 
14.BR244.240; 14.BR244.244 
143R247.158; 14.BR247.196 
14.BF.247.243; 14.BF.247.247 



14.BF. 157.223 
14JBR196.157 
143F. 196.244 
143R223.196 
14.BR223.247 
14.BR240.240 
14JBR244.158 
14.BF.244.243 
14J8R247.223 



14.BR 157.240; 
14.BR196.158; 
14.BF. 196.243; 
14.BR223.223; 
14.BR240.157; 
14.BR240.244; 
14.BR244.196; 
14^244.247; 
14.BR247.240; 



Prodrugs of 14.CI 

14.CL4.157; 14.0.4.158; 14.CI.4.196; 14.CL4.223; 14.CI.4.240; 14.CI.4.244; 
14.a.4.243; 14.a.4.247; 14.0.5.157; 14.0.5.158; 14.05.196; 14.0.5.223; 14.0.5.240; 
14.0.5.244; 14.0.5.243; 14.0.5.247; 14.0.7.157; 14.07.158; 14.0.7.196; 14.0.7.223; 
14.O.7.240; 14.0.7.244; 14.0.7.243; 14.0.7.247; 14.015.157; 14.0.15.158; 



14.0.15.196 
14.016.157 
14;0 16.243 
14.0.18.240 
14.0.26.196 
14.0.27.157 
14.0.27.243 
14.O.29.240 
14.0.54.196 
14.0.55.157 
14.0.55.243 
14.O.56.240 
14.0.157.196 
14.0.196.157 
14.0 196.243 
14.O.223.240 
14.0.240.196 
14.0.244.157 



14.0. 15.223 
14.0.16.158 
14.0.16.247 
14.0.18.244 
14.0.26.223 
14.0.27.158 
14.0.27.247 
14.0.29.244 
14.0.54.223 
14.0.55.158 
14.0.55.247 
14.0.56.244 
14.0. 157.223 
14.0.196.158 
14.0.196.247 

14.0.223.244 
14.O.240.223 
14.0.244.158 



14.O.15.240; 14.0.15.244 
14.0.16.196; 14.0. 16.223 
14.0.18.157; 14.0.18.158 
14.0.18.243; 14.0.18.247 
14.O.26.240; 14.0.26.244 
14.0.27.196; 14.0.27.223 
14.0.29.157; 14.0.29.158 
14.CL29.243; 14.0.29.247 
14.O.54.240; 14.0.54.244 
14.0.55.196; 14.0.55.223 
14.0.56.157; 14.0.56.158 
14.0.56.243; 14.0.56.247 
14.O.157.240; 14.0.157.244 
14.0.196.196; 14.CL 196.223 
14.0.223.157; 14.0.223.158 
14.0.223.243; 14.0.223.247 
14.O.240.240; 14.O.240.244 
14.0.244.196; 14.0.244.223 



14.0.15.243 
14.0. 16.240 
14.0.18.196 
14.026.157 
14.0.26.243 
14.O.27.240 
14.029.196 
14.0.54.157 
14.0.54.243 
14.055.240 
14.0.56.196 



14.0.15.247 
14.0. 16.244 
14.0.18.223 
14.0.26.158 
14.GL26.247 
14.0.27.244 
14.0.29.223 
14.0.54.158 
14.0.54.247 
14.055.244 
14.0.56.223 



14.0157.157; 14.0.157.158; 



14.0.157.243 
14.O.196.240 
14.0223.196 
14.0.240.157 
14.0240.243 
14.O.244.240 



14.0. 157.247 
14.0.196.244 
14.0.223.223 
14.O.240.158 
14.0240.247 
14.0.244.244 
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10 



15 



20 



25 



14.a.244.243; 14.0.244.247; 14.0.247.157; 14.a.247.158; 14.CL247.196; 14.CL247.223; 
14.CL247.240; 14.0.247.244; 14.0.247.243; 14.0.247.247; 

Prodrugs of 14.CO 

14.C0.4.157; 14.C0.4.158; 14.C0.4.196; 14.C0.4.223; 14.CO.4.240; 14.C0.4.244; 
14.C0.4.243; 14.C0.4.247; 14.C0.5.157; 14.C0.5.158; 14.C0.5.196; 14.C0.5.223; 
14.CO.5.240; 14.C0.5.244; 14.C0.5.243; 14.C0.5.247; 14.C0.7.157; 14.C0.7.158; 
14.C0.7.196; 14.C0.7.223; 14.CO.7.240; 14.C0.7.244; 14.C0.7.243; 14.C0.7.247; 



14.CO.15.157 
14.CO. 15.243 
14.CO. 16.240 
14.CO.18.196 
14.CO.26.157 
14.CO.26.243 
14.CO.27.240 
14.CO.29.196 
14.CO.54. 157 
14.CO.54.243 
14.CO.55.240 
14.CO.56.196 
14.CO.157. 157 
14.C0. 157.244 
14.CO.196.196 
14.C0. 196.247 
14.CO.223.240 
14.CO.240.158 
14.CO.240.243 
14.CO.244.223 



14.CO.15. 158 
14.CO.15.247 
14.CO.16.244 
14.C0. 18.223 
14.CO.26.158 
14.CO.26.247 
14.CO.27.244 
14.CO.29.223 
14.CO.54. 158 
14.CO.54.247 
14.CO.55.244 
14.CO.56.223 



14.CO.15.196; 14.CO.15.223; 14.CO.15.240 
14,C0.16.157; 14.CO.16.158; 14.CO.16.196 
14.CO.16.243; 14.CO.16.247; 14.CO.18.157 
14.CO.18.240; 14.CO.18.244; 14.CO.18.243 
14.CO.26. 196; 14.CO.26.223; 14.CO.26.240 
14.CO.27. 157; 14.CO.27. 158; 14.CO.27. 196 
14.CO.27.243; 14.CO.27.247; 14.CO.29. 157 
14.CO.29.240; 14.CO.29.244; 14.CO.29.243 
14.CO.54. 196; 14.CO.54.223; 14.CO.54.240 
14.CO.55. 157; 14.CO.55. 158; 14.CO.55. 196 
14.CO.55.243; 14.CO.55.247; 14.CO.56. 157 
14.CO.56.240; 14.CO.56.244; 14.CO.56.243 



14.CO. 15.244 
14.CO. 16.223 
14.CO.18.158 
14.CO. 18.247 
14.CO.26.244 
14,C0.27.223 
14.CO.29. 158 
14.CO.29.247 
14.CO,54.244 
14.CO.55.223 
14.CO.56. 158 
14.CO.56.247 



30 



14.CO.157.158; 14.CO.157.196; 14.C0. 157.223: 
14.CO.157.243; 14.CO. 157.247; 14.CO.196.157; 
14.CO. 196.223; 14.CO. 196.240; 14.C0. 196.244; 
14.CO.223. 157; 14.CO.223. 158; 14.CO.223. 196; 
14.CO.223.244; 14.CO.223.243; 14.CO.223.247; 
14.CO.240. 196; 14.CO.240.223; 14.CO.240.240; 
14.CO.240.247; 14.CO.244. 157; 14.CO.244. 158; 
14.CO.244.240; 14.CO.244.244; 14.CO.244.243: 
14.C0.4.157; 14.C0.4.158; 14.C0.4.196; 14.C0.4.223; 14.CO.4.240; 14.C0.4.244; 
14.C0.4.243; 14.C0.4.247; 



14.CO. 157.240 
14.CO.196.158 
14.CO.196.243 
14.CO.223.223 
14.CO.240. 157 
14.CO.240.244 
14.CO.244. 196 
14.CO.244.247 
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Recursive Substituents 

Selected substituents within the con:q)Ounds of the invention are present to a recursive 
degree. In this context, ''recursive substituenf means that a substituent may recite another 
instance of itself. Because of the recursive nature of such substituents, theoretically, a large 
5 number of coi[q)ounds may be present in any given enobodiment. For example, contains a 
R^ substituent can be R^, which in turn can be R^. If R^ is selected to be R^, then a 
second instance of R^ can be selected. One of ordinary , skill in the art of medicinal chemistry 
understands that the total number of such substituents is reasonably limited by the desired 
properties of the conq^ound intended. Such properties include, by of exan:q)le and not 
10 limitation, physical properties such as molecular weight, solubility or log P, apphcation 

properties such as activity against the intended target, and practical properties such as ease of 
synthesis. 

By way of example and not limitation, W^, R^ and R^ are aU recursive substituents in 
certain embodiments. Typically, each of these may independently occur 20, 19, 18, 17, 16, 

15 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, or 0, times in a given enobodiment. More 

typically, each of these may independently occur 12 or fewer times in a given embodiment. 
More typically yet, will occur 0 to 8 times, R^ will occur 0 to 6 times and R^ v/ill occur 0 
to 10 times in a given embodiment. Even more typically, will occur 0 to 6 tinies, R^ will 
occur 0 to 4 times and R^ will occur 0 to 8 times in a given embodiment. 

20 Recursive substituents are an intended aspect of the invention. One of ordinary skill 

in the art of medicinal chemistry understands the versatility of such substituents. To the 
degree that recursive substituents are present in an embodiment of the invention, the total 
number will be determined as set forth above. 

Protecting Groups 

25 In the context of the present invention, embodiments of protecting groups include 

prodrug moieties and chemical protecting groups. 

Protecting groups are available, conomonly known and used, and are optionally used 

to prevent side reactions with the protected group during synthetic procedures, Le. routes or 

methods to prepare the conqpounds of the invention. For the most part the decision as to 
30 which groups to protect, when to do so, and the nature of the chemical protecting group 

'TRT" will be dependent upon the chemistry of the reaction to be protected against (e.g., 
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acidic, basic, oxidative, reductive or other conditions) and the intended direction of the 

ft 

synthesis. The PRT groups do not need to be, and generally are not, the same if the 
coiqpound is substituted with multiple PRT. In general, PRT will be used to protect 
functional groups such as carboxyl, hydroxyl or amino groups and to thus prevent side 
5 reactions or to otherwise fecilitate the synthetic eflaciency. The order of deprotection to yield 
free, deprotected groups is dependent upon the intended direction of the synthesis and the 
reaction conditions to be encountered, and may occur in any order as determined by the 
artisan. 

Various functional groups of the conipounds of the invention may be protection. For 

10 example, protecting groups for -OH groups (whether hydroxyl, carboxylic acid, phosphonic 
acid, or other functions) are embodknents of "ether- or ester-forming groups". Ether- or 
ester-forming groups are capable of functioning as chemical protecting groups ia the 
synthetic schemes set forth herein. However, some hydroxyl and thio protecting groups are 
neither ether- nor ester-forming groups, as will be understood by those skilled in the art, and 

15 are included with amides, discussed below. 

A very large number of hydroxyl protecting groups and amide-forming groups and 
correspondiog chemical cleavage reactions are described in "Protective Groups in Organic 
Chemistry", Theodora W. Greene (John Wiley & Sons, Inc., New York, 1991, ISBN 0-471- 
62301-6) ("Greene"). See also Kocienski, Philip J.; "Protecting Groups" (Georg Thieme 

20 Verlag Stuttgart, New York, 1994), which is incorporated by reference in its entirety herein. 
In particular Chapter 1, Protecting Groups: An Overview, pages 1-20, Chapter 2, Hydroxyl 
Protecting Groups, pages 21-94, Chapter 3, Diol Protecting Groups, pages 95-117, Chapter 4, 
Carboxyl Protecting Groups, pages 118-154, Chapter 5, Carbonyl Protecting Groups, pages 
155-184. For protecting groups for carboxylic acid, phosphonic acid, phosphonate, sulfonic 

25 acid and other protecting groups for acids see Greene as set forth below. Such groups include 
by way of example and not limitation, esters, an[iides, hydrazides, and the like. 

Ether- and Este r-forminp ; protecting groups 

Ester-forming groups include: (1) phosphonate ester-forroing groups, such as 
30 phosphonanridate esters, phosphorothioate esters, phosphonate esters, and phospfaon-bis- 
amidates; (2) carboxyl ester-forming groups, and (3) sulphur ester-forming groups, such as 
su^honate, sulfate, and sulfinate. 
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The phosphonate moieties of the confounds of the invention may or may not be 
prodrug moieties, Le. they may or may not be susceptible to hydrolytic or enzymatic cleavage 
or modification. Certain phosphonate moieties are stable under most or nearly all metabolic 
conditions. For example, a dialkylphosphonate, where the alkyl groups are two or more 

5 carbom,niay have appreciable stability in vivo due to a slow rate of hydrolysis. 

Within the context of phosphonate prodrug moieties, a large number of stmcturally- 
diverse prodrugs have been described for phosphonic acids (Freeman and Ross in Progress in 
Medicinal r hemistry 34: 1 12-147 (1997) and are included within the scope of the present 
invention. An exemplary embodiment of a phosphonate ester-forming group is the phenyl 

10 carbocycle in substructure A3 having the formula: 




O 



wherein ml is 1, 2, 3, 4, 5, 6, 7 or 8, and the phenyl carbocycle is substituted with 0 
to 3 R2 groups. Also, in this embodiment, where Yi is O, a lactate ester is formed. 
Alternatively, where Yi is NCRa), N(OR2) or N0!^(R2)2, then phosphonamidate esters result. 

15 Ri may be H or Ci-Ci2 alkyL The corollary exemplary substructure A is included in the 

11 2 
invention with Y , R and R substituents. 

In its ester-forming role, a protecting group typically is bound to any acidic group 
such as, by way of exan^le and not limitation, a -CX)2H or -C(S)OH group, thereby 
resulting in -C02R^ where R'^ is defined herein. Also, R^ for example includes the 

20 enumerated ester groups of WO 95/07920. 

Examples of protecting groups include: 

C3-C12 heterocycle (described above) or aryL These aromatic groups optionally are 
polycyclic or monocyclic. Exaniples include phenyl, spiryl, 2- and 3-pyrrolyl, 2- and 3- 
thienyl, 2- and 4-imidazolyl, 2-, 4- and 5-oxazolyl, 3- and 4-isoxazolyl, 2-, 4- and 5-thiazolyl, 
25 3-, 4- and 5-isothiazolyl, 3- and 4-pyrazolyl, 1-, 2-, 3- and 4-pyridinyl, and 1-, 2-, 4- and 5- 
pyrimidinyl, 
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C3-C12 heteiocycle or aryl substituted with halo, R\ R^-0-Ci-Ci2 alkylene, C1-C12 
alkoxy, CN, NO2, OH, carboxy, carboxyester, thiol, thioester, C1-C12 haloalkyl (1-6 halogen 
atoms), C2-C12 alkenyl or C2-C12 alkynyl. Such groups include 2-, 3- and 4-aIkoxyphenyl 
(C1-C12 alkyl), 2-, 3- and 4-methoxyphenyl, 2-, 3- and 4-ethoxyphenyl, 2,3-, 2,4-, 2,5-, 2,6-, 
5 3,4- and 3,5-diethoxyphenyl, 2- and 3-carboethoxy-4-hydroxyphenyl, 2- and 3-ethoxy-4- 
hydroxyphenyl, 2- and 3-ethoxy-5-hydroxyphenyl, 2- and 3-ethoxy-6-hydroxyphenyl, 2-, 3- 
and 4-O-acetylphenyl, 2-, 3- and 4-dimethylaminophenyl, 2-, 3- and 4- 
methyhnercaptophenyl, 2-, 3- and 4-haIophenyl (including 2-, 3- and 4-fluorophenyl and 2-, 

3- and 4-chlorophenyl), 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3,5-dimethylphenyl, 2,3-, 2,4-, 2,5-, 

10 2,6-, 3,4- and 3,5-biscarboxyethylphenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3,5-dimethoxyphenyl, 
2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3,5-dihalophenyl (including 2,4-difluorophenyl and 3,5- 
difluorophenyl), 2-, 3- and 4-haloalkylphenyl (1 to 5 halogen atoms, C1-C12 alkyl including 

4- trifluoromethylphenyl), 2-, 3- and 4-cyanophenyl, 2-, 3- and 4-nitrophenyl, 2-, 3- and 4- 
haloalkylbenzyl (1 to 5 halogen atoms, C1-C12 alkyl including 4-tiifluoromethylbenzyl and 

15 2-, 3- and 4-trichloromethylphenyl and 2-, 3- and 4-trichloromethylphenyl), 4-N- 

methylpiperidinyl, 3-N-methylpiperidinyl, 1-ethylpiperazinyl, benzyl, alkylsalicylphenyl (Ci- 
Q alkyl, including 2-, 3- and 4-ethylsalicylphenyl), 2-,3- and 4-acetylphenyl, 1,8- 
dihydroxynaphthyl (-C10H6-OH) and aryloxy ethyl [C6-C9 aryl (including phenoxy ethyl)], 
2,2*-dihydroxybiphenyl, 2-, 3- and 4-N,N-dialkylaminophenol, -C6H4CH2-N(CH3)2. 



Q alkylene-C3-C6 aryl (including benzyl, -CH2-pyrrolyl, -CH2-thienyl, -CH2-imidazolyl, - 
CH2-oxazolyl, -CH2-isoxa2olyl, -CH2-thiazolyl, -CH2-isothiazolyl, -CH2-pyra2olyl, -CH2- 
pyridinyl and -CH2-pyrimidinyl) substituted in the aryl moiety by 3 to 5 halogen atoms or 1 
25 to 2 atoms or groups selected from halogen, C1-C12 alkoxy (including metiioxy and ethoxy), 
cyano, nitro, OH, C1-C12 haloalkyl (1 to 6 halogen atoms; including -CH2CCI3), C1-C12 
alkyl (including methyl and ethyl), C2-C12 alkenyl or C2-C12 alkynyl; alkoxy ethyl [Ci-Ce 





; C4 - Cg esters of 2-carboxyphenyl; and Ci- 
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aDcyl including -CH2-CH2-O-CH3 (methoxy ethyl)]; aDcyl substituted by any of the groups 
set forth above for aryU in particular OH or by 1 to 3 halo atoms (including -CH3, - 
CH(CH3)2, -C(CH3)3. -CH2CH3, -(CH2)2CH3, -(CH2)3CH3, -(CH2)4CH3, - 




(CH2)5CH3,CH2CH2F, -CH2CH2CI. -CH2CF3, and -CH2CCI3); ; -N-2- 

5 propylmorpholino, 2,3-dihydro-6-hydroxyindene, sesamol, catechol monoester, -CH2-C(0)- 

N(Rl)2, -CH2-S(0)(Rl), -CH2-S(0)2(Rl), -CM2-CH(CX:(0)CH2R1)-CH2(CKZ(0)CH2R1), 

cholesteryl, eno^yruvate (HOOC-C(=CH2)-). glycerol; 

a 5 or 6 carbon monosaccharide, disaccharide or oligosaccharide (3 to 9 

monosaccharide residues); 
10 triglycerides such as a-D-P-diglycerides (wherein the fatty acids con5)Osing glyceride 

lipids generally are naturally occurring saturated or unsaturated C6-26* C6-I8 or Cle-lO fatty 

acids such as linoleic, lauric, myristic, pahnitic, stearic, oleic, palmitoleic, linolenic and the 

like fatty acids) linked to acyl of the parental compounds herein through a glyceryl oxygen of 

the triglyceride; 

15 phospholipids linked to the carboxyl group through the phosphate of the 

phospholipid; 

phthalidyl (shown in Fig. 1 of Clayton et aL, Antinucrob, Agents Chemo. (1974) 
5(6):670-671; 

cyclic carbonates such as (5-Rd-2-oxo-l,3-dioxolen-4-yl) methyl esters (Sakamoto et 
20 aL. Chenu Pharm. Bull (1984) 32(6)2241-2248) where Rd is Rl, R4 or aryl; and 



-CH2C(0)1S^^ p 

The hydroxyl groups of the conqpounds of this invention optionally are substituted 
with one of groups m, IV or V disclosed in WO 94/21604, or with isopropyL 

As further embodinoents. Table A lists examples of protecting group ester moieties that 
25 for example can be bonded via oxygen to -C(0)0- and -P(0)(0-)2 groups. Several amidates 
also are shovm, which are bound directly to -C(0)- or -P(0)2. Esters of structures 1-5, 8-10 
and 16, 17, 19-22 are synthesized by reacting the con?)ound herein having a free hydroxyl 
with the corresponding halide (chloride or acyl chloride and the like) and N ,N-dicyclohexyl- 

■ 

N-moipholine carboxamidine (or another base such as DBU, triethylamine, CSCO3, N JnF- 
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dimethylaniline and the like) in DMF (or other solvent such as acetonitrile or 
nou&thylpycTolidone). When the conopound to be protected is a phosphonate, the esters of 
structures 5-7, 11, 12, 21, and 23-26 are synthesized by reaction of the alcohol or alkoxide salt 
(or the corresponding amines in the case of confounds such as 13, 14 and 15) with the 
monochlorophosphonate or dichlorophosphonate (or another activated phosphonate). 
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TABLE A 



1. -CH2-C(0)-N(Ri)2 * 

2. -CH2-S(0)(Ri) 

5 3. -CH2-S(0)2(Rl) 

4. -CH2-b-C(0)-CH2-C6H5 

5. S-cholesteryl 

6. 3-pyridyl 

7. N-ethylmorpholino 
10 8. -CH2-0-C(O>C6H5 

9. -CH2-0-C(0)-CH2CH3 



10. -CH2-0-C(0)-C(CH3)3 

11. -CH2-CCI3 

12. -C6H5 

13. -NH-CH2-C(0)0-CH2CH3 

14. -N(CH3)-CH2-C(0)0-CH2CH3 

15. -NHRi 

16. -CH2-0-C(0)-CioHi5 

17. -CH2-0-C(0)-CH(CH3)2 

18. -CH2-C#H(OC(0)CH2Ri)-CH2-(OC(0)CH2Ri)* 



19. 



-CH2C(0)N O 



20. 




HO 



21. HO 




15 22. 



-cH2-o-c(o)-/~ y 



CI%CHiO(0)C 



23. 



25. 



A} 



-CI^CH2 




CH30(0)C 



24. 




OCH3 



26. 



OCH3 



# - chiral center is (R), (S) (h- racemate. 

Other esters that are suitable for use herein are described in EP 632048. 
20 Protecting groups also includes "double estrar" forming profunctionalities such as 




-CH20C(0)OCH3, O -CH2SCOCH3, -CH20CON(CH3)2. or alkyl- or aryl- 

acyloxyallqrl groups of the structure -CH(R' or W^0((C0)R'^) or 



- 216 - 



wo 03/090690 



PCTAJS03/12901 



'CE(B} or W^((CO)OR^*) (Jinked to oxygen of the acidic group) wherein R and R are 
alkyl, aryl, or alkylaryl groups (see U.S. Patmt No. 4,968,788). Frequently R^^ and R^^ are 
bulky groups such as branched aDcyl, ortho-substituted aryl, meta-substituted aryl, or 
combinations thereof, including normal, secondary, iso- and tertiary alkyls of 1-6 carbon 
5 atoms. An example is the pivaloyloxymethyl group. These are of particular use with 
prodrugs for oral administration. Exanqiles of such useful protecting groups are 
alkylacyloxymethyl esters and their derivatives, including - 

CH(CH2CH20CH3)OC(0)C(CH3)3, ^ 

-CH20C(0)CioHi5. -CH20C(0)C(CH3)3, -CH(CH20CH3)OC(0)C(CH3)3, 
10 -CH(CH(CH3)2)OC(0)C(CH3)3, -CH20C(0)CH2CH(CH3)2, -CH20C(0)C6Hii, 

-CH20C(0)C6H5. -CH20C(0)CioHi5, -CH20C(0)CH2CH3, -CH20C(0)CH(CH3)2, 
-CH20C(0)C(CH3)3 and -CH20C(0)CH2C6H5. 

For prodrug purposes, the ester typically chosen is one heretofore used for antibiotic 
drugs, m particular the cyclic carbonates, double esters, or the phthalidyl, aryl or alkyl esters. 
15 In some embodiments the protected acidic group is an ester of the acidic group and is 

the residue of a hydroxyl-containing functionality. In other embodiments, an amino 
compound is used to protect the acid functionality. The residues of suitable hydroxyl or 
amino-containing functionaUties are set forth above or are found in WO 95/07920. Of 
particular interest are the residues of amino acids, amino acid esters, polypeptides, or aryl 
20 alcohols. Typical amino acid, polypeptide and carboxyl-esterified amino acid residues are 
described on pages 11-18 and related text of WO 95/07920 as groups LI or L2. WO 
95/07920 e^qpressly teaches the amidates of phosphonic acids, but it will be understood that 
such amidates are formed with any of the acid groups set forth herein and the ammo acid 

residues set forth in WO 95/07920. 

25 Typical esters for protecting acidic functionalities are also described in WO 95/07920, 

again understanding that the same esters can be formed with the acidic groups herein as with 
the phosphonate of the *920 publication. Typical ester groups are defined at least on WO 
95/07920 pages 89-93 (under R^l or r35), the table on page 105, and pages 21-23 (as R). Of 
particular interest are esters of unsubstituted aryl such as phenyl or arylalkyl such benzyl, or 

30 hydroxy-, halo-, alkoxy-, carboxy- and/or alkylestercarboxy-substituted aryl or alkylaryl, 
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especially phenyl, ortho-ethoxyphenyl, or C1-C4 aDcylesteircarboxyphenyl (salicylate C1-C12 
alkylesters). 

The protected acidic groups, particularly when using the esters or amides of WO 
95/07920, are useful as prodrugs for oral administration. However, it is not essential that the 
5 acidic group be protected in order for the coii5)ounds of this invention to be effectively 
administered by the oral route. When the compounds of the invention having protected 
groups, ID particular amino acid amidates or substituted and unsubstituted aryl esters are 
administered systemically or orally they are capable of hydrolytic cleavage in vivo to yield 
the free acid. 

10 One or more of the acidic hydroxyls are protected. K more than one acidic hydroxyl 

is protected then the same or a different protecting group is employed, e.g., the esters may be 
different or the same, or a mixed aroidate and ester may be used. 

Typical hydroxy protecting groups described in Greene (pages 14-1 18) include 
substituted methyl and alkyl ethers, substituted benzyl ethers, silyl ethers, esters inchiding 

IS sulfonic acid esters, and carbonates. For example: 

• Ediers (methyl, r-butyl, allyl); 

• Substituted Methyl Ethers (Methoxymethyl, Metltylthiomethyl, f-Butylthiomethyl, 
(Phenyldimethylsilyl)methoxymethyl, Benzyloxymethyl. p-Methoxybenzyloxymethyl, 

■ 

(4-Methoxyphenoxy)methyl, Guaiacohnethyl, r-Butoxymethyl, 4-Pentenyloxymethyl, 
20 Siloxymethyl, 2-Methoxyethoxymethyl, 2,2,2-Trichloroethoxymethyl, Bis(2- 
chloroethoxy)methyl, 2-(Trimethylsilyl)ethoxymethyl, Tetrahydropyranyl, 3- 
Bromotetrahydropyranyl, Tetrahydropthiopyranyl, 1-Methoxycyclohexyl, 4- 
Methoxytetrahydropyranyl 4-Methoxytetrahydrothiopyranyl, 4- 
Methoxytetrahydropthiopyranyl SS-Dioxido, l-[(2-Chloro-4-methyl)phenyIl-4- 
25 methoxypiperidin-4-yl, l,4-Dioxan-2-yl, Tetrahydrofuranyl, Tetrahydrothiofuranyl, 
2,3,3a,4,5,6,7,7a-Octahydro-7,8,8-trimethyl-4,7-methanobenzofur^^^ 

• Substituted Ethyl Ethers (1-Ethoxyethyl, l-(2-Chloroethoxy)ethyl, 1-MethyH- 
methoxyethyl, 1-Methyl-l-benzyloxy ethyl, l-MethyH-beiizyloxy-2-fluoroethyl, 2,2,2- 
Trichloroethyl, 2-TrimethylsUylethyl, 2-(Phenylselenyl)ethyl, 

30 • p-Chlorophenyl, p-Methoxyphenyl, 2,4-Dinitrophenyl, Benzyl); 

• Substituted Benzyl Ethers (p-Methoxybenzyl, 3,4-Dimethoxybenzyl, a-Nitrobenzyl, p- 
Nitrobenzyl, p-HalobenzyU 2,6-Dichlorobenzyl, /?-Cyanoben2yl, p-Phenylbenzyl, 2- and 
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4-Picolyl, 3-Methyl-2-picolyl JV-Oxido, Diphenylmethyl, -Dinitrobenzhydryl, 5- 
Dibenzosub^l, Triphenylmethyl, a-Naphthyldiphenylmethyl, 
methoxyphenyldiphenylmethyl, Di(p-methoxyphenyl)phenylniethyl, Tri(p- 
methoxyphenyl)methyl, 4-(4 -Bromophenacyloxy)pheiiyldiphenylinethyl, 4,4*,4"- 
5 Tris(4,5-dicmorophthaliimdophenyl)methyl, 4.4\4"-Tris(levulmoyloxyphenyl)methyl, 
4,4',4"-Tris(benzoyloxyphenyl)methyl, 3-(InudazoH-ylinethyl)bis(4\4"- 
dimethoxyphenyl)methyl, l,l-Bis(4-methoxyphenyl)-l'-pyrenylmethyl, 9-Anthryl, 9-(9- 
Phenyl)xanthenyl, 9-(9-Phenyl-10-oxo)antbryl, l,3-Benzodithiolan-2-yl, Benzisotbiazolyl 
S,5-Dioxido); 

10 • Silyl Ethers (Trimethylsilyl, Triethylsilyl, Triisopropylsilyl, Dimethylisopropylsilyl, 
Diethylisopropylsilyl, Dimethylthexylsilyl, f-Butyldimethylsilyl, NButyldiphenylsilyl, 
Tribenzylsilyl, Tri-p-xylylsilyU Triphenylsilyl, Diphenylmethylsilyl, ^ 
Butyhnethoxyphenylsilyl) ; 
• Esters (Formate, Benzoylformate, Acetate, Choroacetate, Dichloroacetate, 

15 Trichloroacetate, Trifluoroacetate, Methoxyacetate, Triphenylniethoxyacetate, 

Phenoxyacetate, /^<I!hlorophenoxyacetate, /?-poly-Phenylacetate, 3-Phenylpropionate, 4- 
Qxopentanoate (Levulinate), 4,4-(Ethylenedithio)pentanoate, Pivaloate, Adamantoate, 
Crotonate, 4-Methoxycrotonate, Benzoate,p-Phenylbenzoate, 2,4,6-Trimethylbenzoate 
(Mesitoate)); 

20 • Carbonates (Methyl, 9-Fluorenylmethyl, Ethyl, 2,2,2-Trichloroethyl, 2- 

(Trimethylsilyl)ethyl, 2-(Phenylsulfonyl)ethyl, 2-(Tr5)heiiylphosphonio)ethyl, Isobutyl, 
Vinyl, Allyl, ;7-Nitrophenyl, Benzyl, /^-Methoxybenzyl, 3,4-Dimethoxybenzyl, o- 
Nitrobenzyt p-Nitrobenzyl, 5-Benzyl Thiocaibonate, 4-Ethoxy-l-naphthyl, Methyl 
Dithiocarbonate); 

25 • Groups With Assisted Cleavage (2-Iodobenzoate, 4-Azidobutyrate, 4-Nitro-4- 
methylpentanoate, (7-(Dibroinoiiiethyl)benzoate, 2-Fonnylbenzenesulfonate, 2- 
(Methylthiomethoxy)ethyl Carbonate, 4-(Methylthiomethoxy)butyrate, 2- 
(Methylthiomethoxymethyl)ben2oate); Miscellaneous Esters (2,6-Dichloro-4- 
methylphenoxyacetate, 2,6-Dichloro-4-(l,13,3 tetranDbethylbutyl)phenoxyacetate, 2,4- 

30 Bis(l,l-dimethylpropyl)phenoxyacetate, Chlorodiphenylacetate, Isobutyrate, 

Monosuccinate, (£)-2-Methyl-2-butenoate (Tigloate), £?-(Methoxycarbonyl)benzoate, p- 
poly-Benzoate, a-Naphthoate, Nitrate, Alkyl iV;iV,iV',iV -Tetramethylphosphorodianaidate, 
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10 



15 



N-Phenylcarbamate, Borate, DimethylphosphinotMoyl, 2,4-Dinitrophenylsulfeiiate); and 
• Sulfonates (Sulfate, Methanesulfonate (Mesylate), Benzylsulfonate. Tosylate). 

Typical 1,2-diol protecting groups (thus, generally where two OH groups are taken 
together with the protecting functionality) are described in Greene at pages 118-142 and 
include Cychc Acetals and Ketals (Methylene, Ethylidene, 1-f-Butylethylidene, 1- 
Phenylethylidene, (4-Methoxyphenyl)ethylidene, 2,2,2-Trichloroethylidene, Acetonide 
(Isopropylidene), Cyclopentyhdene, Cyclohexylidene, Cycloheptylidene, Benzylidene, 
Methoxybenzylidene, 2,4-Dimethoxybenzylidene, 3,4-Diinethoxybenzylidene, 2- 
Nitrobenzylidene); Cyclic Ortho Esters (Methoxymethylene, Ethoxymethylene, 
Dimethoxymethylene, 1-Methoxyethylidene, 1-Ethoxyethylidine, 1,2-Dnnethoxyethylidene, 
a-Methoxybenzylidene, l-(iy;iV^Dimethylamino)ethylidene Derivative, a -(iViN- 
Dimethylainino)benzylidene Derivative, 2-Oxacyclopentylidene); Silyl Derivatives (Di-t- 
butylsilylene Group, l,3-(l,l,3,3-Tetraisopropyldisiloxanylidene), andTetra-f- 
butoxydisiloxane-l,3-diylidene). Cyclic Carbonates, Cyclic Boronates, Ethyl Boronate and 
Phenyl Boronate. 

More typically, 1,2-diol protecting groups include those shown in Table B, still more 
typically, epoxides, acetonides, cyclic ketals and aryl acetals. 



o 



WO 



o 



o o 

Y 



Table B 



Y 

o 



o o 



o o 



9 7-1 

r'o-n^ P 




20 wherein r9 is C1-C6 alkyL 

Amino prnfftrfi ng groUPS 

Another set of protecting groups include any of the typical amino protecting groups 
described by Greene at pages 315-385. They include: 
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Carbamates: (methyl and ethyl, 9-fluorenylmethyl, 9(2-siilfo)fluorenylmethyl, 9-(2,7- 
dibromo)fluorenyhnethyl, 2J-di-^butyl-[9-(10aO-diox 
tetrahydrothioxanthyl)]methyl, 4-methoxyphenacyl); 

Substituted Ethyl: (2,2,2-trichoroethyl, 2-trimethylsilylethyl, 2-phenylethyl, 1-(1- 
adamantyl)-l-methylethyl, l,l"dimethyl-2-haloethyl, 14-dimethyl-2^-dibromoethyl, 1,1- 
dimethyl-2,2,2-trichloroethyl, 1 -methyl- l-(4-biphenylyl)ethyl, l-(3,5-di-r-butylphenyl)-l- 
methylethyl, 2-(2 - and 4 -pyridyl)ethyl, 2-(iV,iV-dicyclohexylcarboxamido)ethyl, f-butyl, 
1-adamantyl, vinyl, allyl, 1-isopropylallyl, cinnamyl, 4-mtrocinnamyl, 8-quinolyi, N- 
hydroxypiperidinyl, alkyldithio, benzyl, /7-methoxybenzyl, /;-nitrobenzyl, p-bromobenzyl, 
/7-chlorobenzyl, 2,4-dichlorobenzyl, 4-methylsulfmyIbenzyl, 9-anthrylmethyl, 
djpheny Imethy 1) ; 

Groups With Assisted Qeavage: (2-inethylthioethyl, 2-methylsulfonylethyl, 2-(p- 
tohienesulfonyl)ethyl, [2-(l,3-dithianyl)]methyl, 4-methylthiophenyl, 2,4- 
dimethylthiophenyl, 2-phosphonioethyl, 2-triphenylphosphonioisopropyl, l,l-dimethyl-2- 
cyanoethyl, m-choro-/^-acyloxybenzyl, /^-(dihydroxyboryl)benzyl, 5- 
benzisoxazolyhnethyl, 2-(trifluoromethyl)-6-chromonyhnethyl); 
Groups Capable of Photolytic Cleavage: (m-nitrophenyl, 3,5-dimethoxybenzyl, o- 
nitrobenzyl, 3.4-dimethoxy-6-nitrobenzyl, phenyl(o-nitrophenyl)methyl); Urea-Type 
Derivatives (phenothiazinyl-(10)-carbonyl, iV-p-toluenesulfonylaminocarbonyl, N'- 

* 

phenylaminothiocarbonyl) ; 

Miscellaneous Carbamates: (/-amyl, iS-benzyl thiocarbamate, p-cyanobenzyl, cyclobutyl, 
cyclohexyl, cyclopentyl, cyclopropylmethyl, p-decyloxybenzyl, diisopropylmethyl, 2,2- 
dimethoxycarbonylvinyl, c)-(iV;N-dimethylcarboxan)ido)ben2yl, 14-diniethyl-3-(iy,iV^ 
dimethylcarboxamido)propyl, 1,1-dimethylpropynyl, dii(2-pyridyl)methyl, 2- 
fiiranylmethyl, 2-Iodoethyl, Isobomyl, Isobutyl Isonicotinyl, /^-(p - 
Methoxyphenylazo)benzyl, 1-methylcyclobutyl, 1-methylcyclohexyl, l-methyl-l- 
cyclopropylmethyl, l-methyM-(3,5-dimethoxyphenyl)ethyl, l-methyH-(p- 
phenylazophenyl)ethyl, 1-methyl-l-phenylethyl, l-methyH-(4-pyridyl)ethyl, phenyl,/?- 
(phenylazo)benzyl, 2,4,6-tri-/-butylphenyl, 4-(trimethylanimonium)benzyl, 2,4,6- 
trimethylbenzyl); 

Amides: (JV-formyl, JV-acetyl, iV-choroacetyl, iV-trichoroacetyl, iV-trifluoroacetyl, N- 
phenylacetyl, iV-3-phenylpropionyl, iV-picolinoyl, Ar-3-pyridylcarboxamide, N- 
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benzoylphenylalanyl, N-benzoyl, iV-p-phenylbenzoyl); 

• Amides With Assisted Cleavage: (iV-£?-nitrophenylacetyl, iV-o-nitrophenojcyacetyl, N- 
acetoacetyl, (i\r-dithiobenzyloxycarbonylamino)acetyl, //-3-(p-hydroxyphenyl)propionyl, 
iV^3-(cHmtrophenyl)propionyl, A^-2-inethyl-2-(o-mtropheiioxy)propionyl, iNr-2-methyl-2- 

5 ((?-phenylazophenoxy)propionyl, iV-4"Chlorobutyryl, iV-3-methyl-3-nitrobutyryl, N-o- 

nitrocinnainoyl, //-acetylmethionine, iV-o-nitrobenzoyl, iV-o-(benzoyloxymethyl)benzoyl, 
4,5-d5)henyl-3-oxazolin-2-one); 

• Cyclic Inride Derivatives: (N-phthalimide, iV-dithiasuccinoyl, iV-2,3-dq>lienylinaleoyl, 
2,5-dimethylpyrrolyl,iV-l,l,4,4-tetramethyldisilylazacyclopentaae adduct, 5-substituted 

10 l,3-dimethyl-l,3,5-triazacyclohexan-2-one, 5-substituted l,3-dibenzyH,3-5- 

triazacyclohexan-2-one, 1-substituted 3,5-dinitro-4-'pyridoiiyl); 

• iV-AJkyl and i\^-Aryl Amines: (iV-methyl, N-allyl, iV-[2-(trimethylsilyl)ethoxy]inethyl, N- 
3-acetoxypropyl, iV-(l-isopropyl-4-nitro-2-oxo-3-pyn:olin-3-yl), Quaternary Ammonium 
Salts, //-benzyl, iV-di(4-methoxyphenyl)methyl, iV-5-dibenzosuberyl, AT-triphenylmethyl, 

15 Ar-(4-methoxyphenyl)diphenylmethyl, iV-9-phenylfluorenyl, iV-2,7-dichloro-9- 
fluorenylmethylene, AT-ferrocenylmethyl, iV-2-picolylarQine iV-oxide); 

• Imine Derivatives: (iV- 1 , 1 -dimethylthiomethylene, //-benzylidene, N-p- 
methoxybenylidene, iV-diphenylmethylene, iV-[(2-pyridyl)mesityl]methylene, NXN'J^' 
dimethylaminomethylene, iV^iV-isopropylidene, iV-p-nitrobenzylidene, iV-salicylidene, N- 

20 5-chlorosalicylidene, iV-(5-chloro-2-hydroxyphenyl)phenylmethylene, N- 
cyclohexylidene); 

• Enamine Derivatives: (iV-(5,5-dimethyl~3-oxo-l-cyclohexenyl)); 

• iV-Metal Derivatives (iV-borane derivatives, iV-diphenylborinic acid derivatives, 
[phenyl(pentacarbonylchromium- or -tungsten)]carbenyl, iV-copper or iV-zinc chelate); 

25 • N-N Derivatives: (iV-nitro, JV-nitroso, iV-oxide); 

• N-P Derivatives: (iV-diphenylphosphinyl, iV-dimethylthiophosphinyl, N- 
diphenylthiophosphinyl, iV-dialkyl phosphoiyl, iV-dibenzyl phosphoryl, jV-diphenyl 
phosphoryl); 

• N-Si Derivatives, N-S Derivatives, and N-Sulfenyl Derivatives: (AT-benzenesulfenyl, N-o- 
30 nitrobenzenesulfenyl, ;V^2,4-dinitrobenzenesulfenyl, iV-pentachlorobenzenesulfenyl, iV-2- 

nitro-4-n^thoxybenzenesulfenyl, JV-triphenylmethylsulfenyl, iV-3-nitropyridinesulfenyl); 
and iV-sulfonyl Derivatives (iV-p-toluenesulfonyl, iV-benzenesulfonyl, iV-2,3,6-trimethyl- 
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4-methoxybeiizenesulfonyl, iV^2,4,6-trimethoxybeiizenesulfonyl, iV-2,6-diinethyl-4- 
methoxybenzenesulfonyl, iV-pentamethylbenzenesulfonyl, iV-2,3»5,6rtetramethyl-4- 
methoxybenzenesulfonyl* AM-methoxybenzenesulfonyl, 

trimethylbenzenesulfonyl, iV-2,6-diinethoxy-4-methylbeiizenesulfony 1, N-l^lJS ,7,8- • 
5 pentaiiiethylchroman-6-sulfoiiyl, iV-methanesulfonyl, iV-p-tximethylsilyethanesulfonyl, 
9-aiithracenesulfonyl, i\M-(4^8 -dimethoxynaphthylmethyl)ben2enesutf^ 
benzylsulfonyl, TV-trifluoromethylsulfonyl, iV-phenacylsulfonyl). 

Protected amino groups include carbamates, amides and amidines, e.g. 
-NHC(0)0R\ -NHC(0)R^ or -N=CR^N(R^)2. Another protecting group, also useful as a 
10 prodrug for amino or -NH(R^), is: 



O 




See for example Alexander, J. et al (1996) /. Med. Chem. 39:480-486. 

Amino acid and polypeptide protecting erroiip and conjugates 
15 An amino acid or polypeptide protecting group of a coiiq)ound of the invention has 

the structure R^^^fHCH(R^^)C(0)-, where R^^ is H, an amino acid or polypeptide residue, or 
R^, and R*^ is defined below. 

R^^ is lower alkyl or lower alkyl (Ci-Ce) substituted with amino, carboxyl, amide, 

carboxyl ester, hydroxyl, C6-C7 aryl, guanidinyl, imidazolyl, indolyl, sulfhydryl, sulfoxide, 
20 and/or alkylphosphate. R^^ also is taken together with the aniino acid a-N to form a proline 
residue (R^^ = -CH2)3-). However, R*^ is generally the side group of a naturally-occurring 
amino acid such as H, -CH3, -CH(CH3)2. -CH2-CH(CH3)2, -CHCH3-CH2-CH3, -CH2-C6H5, 
-CH2CH2-S-CH3, -CH2OH. -CH(OH)-CH3, -CH2-SH, -CH2-C6H4OH, -CH2-CO-NH2, 
-CH2-CH2-CO-NH2, -CH2-COOH, -CH2-CH2-COOH, -(CH2)4-NH2 and -(CH2)3-NH- 
25 C(NH2)-NH2. R^^ also includes l-guanidinoprop-S-yl. benzyl, 4-hydroxybenzyl, imidazol-4- 

yl, indol-3-yl, methoxyphenyl and ethoxyphenyl. 

Another set of protecting groups include the residue of an amino-containing 
compound, in particular an amino acid, a polypeptide, a protecting group, -NHSC)2R, 
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NHC(0)R, -N(R)2, NH2 or -NH(R)(H), whereby for example a carboxylic acid is reacted, 
i.e. coupled, with the amine to form an amide, as in C(0)NR2- A phosphonic acid may be 
reacted with the amine to form a phosphonamidate, as in -P(0)(0R)(NR2). 

Amino acids have the structure R"C(0)CH(R^^NH-, where R^^ is -OH, 
-OR, an amino acid or a polypeptide residue. Amino acids are low molecular weight 
conipounds, on the order of less than about 1000 MW and which contain at least one amino 
or imino group and at least one carboxyl group. Generally the anuno acids wiQ be fotmd in 
nature, Le., can be detected in biological material such as bacteria or other microbes, plants, 
animals or man. Suitable amino acids typically are alpha amino acids, Le. con[q)Ounds 
characterized by one amiQO or imino nitrogen atom separated from the carbon atom of one 
carboxyl group by a single substituted or unsubstituted alpha carbon atom. Of particular 
interest are hydrophobic residues such as mono-or di-alkyl or aryl amino acids, 
cycloalkylamino acids and the like. These residues contribute to cell permeability by 
increasing the partition coefficient of the parental drug. Typically, the residue does not 
contain a sulfhydryl or guanidino substituent. 

Naturally-occurring amiao acid residues are those residues found naturally in plants, 
animals or microbes, especially proteins thereof Polypeptides most typically will be 
substantially composed of such naturally-occurring amino acid residues. These amino acids 
are glycine, alanine, valine, leucine, isoleucine, serine, threonine, cysteine, methionine, 
ghitamic acid, aspartic acid, lysine, hydroxylysine, arginine, histidine, phenylalanine, 
tyrosine, tryptophan, proline, asparagine, glutamine and hydroxyproline. Additionally, 
unnatural amino acids, for example, valanine, phenylglycine and homoarginine are also 
included. Commonly encountmd amino acids that are not gene-encoded may also be used in 
the present invention. All of the amino acids used in the present invention may be either the 
D- or L- optical isomer. In addition, other peptidomimetics are also useful in the present 
invention. For a general review, see Spatola, A. R, in Chemistry and Biochemistry of Amino 
Acids, Peptides and Proteins; B. Weinstein, eds.. Marcel Dekker, New York, p. 267 (1983). 

When protecting groups are single amino acid residues or polypeptides they 
optionally are substituted at R^ of substituents A^ A^ or A^ in Formula I, or substituted at R3 
of substituents Ai, A2 or A3 in Formula n. These conjugates are generally produced by 
forming an amide bond between a carboxyl group of the amino acid (or C-terminal amino 
acid of a polypeptide for exanq>le). Alternatively, conjugates are formed between R 
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OFonmila I) or R3 (Foranila II) and an amino group of an amino acid or polypeptide. 
Generally, only one of any site in the scaffold drug-like compound is amidated with an amino 
acid as described herein, although it is within the scope of this invention to introduce amino 
acids at more than one permitted site. Usually, a carboxyl group of R is amidated with an 
amino acid. In general, the a-amino or a-carboxyl group of the amino acid or tte tmninal 
amino or carboxyl group of a polypeptide are bonded to the sca£Ebld, parental functionalities. 
Carboxyl or amino groups in the amino acid side chains generally may be used to form the 
amide bonds with the parental compound or these groups may need to be protected during 
synthesis of the conjugates as described further below. 

With respect to the carboxyl-containing side chains of amino acids or polypeptides it 
will be understood that the carboxyl group optionally will be blocked, e.g. by esterified 
with R^ or amidated Shnilarly, the amino side chains R^^ optionally wiU be blocked with R^ 

or substituted with R^. 

Such ester or amide bonds with side chain amino or carboxyl groups, like the esters or 
amides with the parental molecule, optionally are hydrolyzable in vivo or in vitro under acidic 
(pH <3) or basic (pH >10) conditions. Alternatively, they are substantially stable in the 
gastrointestinal tract of humans but are hydrolyzed enzymatically in blood or in intracellular 
environments. The esters or amino acid or polypeptide amidates also are useful as 
intermediates for the preparation of the parental molecule containing free amino or carboxyl 
groups. The free acid or base of the parental compound, for example, is readily formed from 
the esters or amino acid or polypeptide conjugates of this uivention by conventional 

hydrolysis procedures. 

When an amino acid residue contains one or more chiral centers, any of the D, L, 
meso, threo or erythro (as appropriate) racemates, scalemates or mixtures thereof may be 
used. In general, if the intermediates are to be hydrolyzed non-enzymatically (as would be 
the case where the amides are used as chemical intermediates for the free acids or free 
amines), D isomM:s are useful On the other hand, L isomers are more versatile since they 
can be susceptible to both non-enzymatic and enzymatic hydrolysis, and are more efBcienUy 
transported by amino acid or dipeptidyl transport systems in the gastromtestinal tract. 

Examples of suitable amino acids whose residues are represented by B!" or R^ include 

the following: 
Glycine; 
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Aminopolycarboxylic acids, e.g., aspartic acid, p-hydroxyaspartic acid, glutamic acid, 
P -hydroxyglutamic acid, p-methylaspardc acid, p-methylglutandc acid, p, p-dimethylaspartic 
acid, Y-hydroxyglutamic acid, p, y-dihydroxyglutamic acid, P -phenylglutamic acid, y- 
methyleneglutamic acid, 3-aimnoadipic.acid, 2-aininopimelic acid, 2-anuno suberic acid and 
5 2>anainosebacic acid; 

Amino acid amides such as glutamine and asparagine; 
Polyamino- or polybasic-naonocarboxylic acids such as arginine, lysine, p - 
aminoalanine, 7 -aminobutyrine, ornithine, citruline, homoarginine, homocitrulline, 
hydroxylysine, allohydroxylsine and diaminobutyric acid; 
10 Other basic amino acid residues such as histidine; 

Diaminodicarboxylic acids such as a, a'-diaminosuccinic acid, a, a'-diaminoglutaric 
acid, a, a~diammoadipic acid, a, a'-diaminopimelic acid, a, a*-diamino- p-hydroxypimelic 
acid, a, a-diaminosuberic acid, a, a'-diaminoazelaic acid, and a, a*-diaminosebacic acid; 
Imino acids such as proline, hydroxyproline, allohydroxyproline, y-methylproline, 
15 pipecolic acid, 5-hydroxypipecolic acid, and azetidine-2-carboxylic acid; 

A mono- or di-aBcyl (typically Ci-Cg branched or normal) amino acid such as alanine, 
valine, leucine, allylglycine, butyrine, norvaline, norleucine, heptyline, a-methylserine, a- 
amino-a-methyl-7-hydroxyvaleric acid, a-amino- a-methyl-S-hydroxyvaleric acid, a-amino- 
a-methyl-6-hydroxycaproic acid, isovaline, a-methylglutamic acid, a-aminoisobutyric acid, 
20 a-aminodiethylacetic acid, a-aminodiisopropylacetic acid, a-aminodi-n-propylacetic acid, a- 
aminodiisobutylacetic acid, a-aminodi-n-butylacetic acid, a-aminoethylisopropylacetic acid, 
a-amino-n-propylacetic acid, a-aminodiisoamyacetic acid, a-methylaspartic acid, a- 
methylglutamic.acid, 1-aminocyclopropane-l-carboxylic acid, isoleucine, alloisoleucine, tert- 
leucine, p-methyltryptophan and a-anoino- p-ethyl-P-phenylpropionic acid; 
25 p-phenylserinyl; 

Aliphatic a-amino-p-hydroxy acids such as serine, P-hydroxyleucine, P- 
hydroxynorleucine, P -hydroxynorvaline, and a-amino-P-hydroxystearic acid; 

a-Amino, a-, y-, 5- or e-hydroxy acids such as homoserine, 5 -hydroxynorvaline, y- 
hydroxynorvaline and e-hydroxynorleucine residues; canavine and canaline; y - 
30 hydroxyomithine; 

2-hexosaminic acids such as D-glucosamioic acid or D-galactosaminic acid; 
a-Amino-p-thiols such as penicillamine, p-tliiolnorvaline or P-thiolbutyrine; 
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Other sulfur contaming axnino acid residues including cysteine; homocystine, ^ 
phenyhnethionine, methionine, S-allyl-L-cysteiae sulfoxide* 2-thiolhi5tidine, cystathionine, 
and thiol ethers of cysteine or homocysteine; 

Phenylalanine, tryptophan and ring-substituted a-amino acids such as the phenyl- or 
5 cyclohexylamino acids a-aminophenylacetic acid, a-anoinocyclohexylacetic acid and a- 

amino-P-cyclohexylpropionic acid; phenylalanine analogues and derivatives conqprising aryl, 
lower alkyl, hydroxy, guanidino, oxyalkylether, nitro, sulfur or halo-substituted phenyl (e.g., 
tyrosine, methyltyrosine and o-chloro-, p-chloro-, 3,4-dichloro, o-, m- or /^-methyl-, 2,4,6- 
trimethyl-, 2-ethoxy-5-nitro-, 2-hydroxy-5-nitro- and p-nitro-phenylalanine); fiiryl-, thienyl-, 
10 pyridyl-, pyrimidinyl-, purinyl- or naphthyl-alanines; and tryptophan analogues and 
derivatives including kynurenine, 3-hydroxykynurenine, 2-hydroxytryptophan and 4- 
carboxytryptophan; 

a- Amino substituted amino acids including saicosine (N-methylglycine), N- 
benzylglycine, N-methylalanine, N-benzylalanine, N-methylphenylalanine, N- 
15 benzylphenylalanine, N-methylvaline and N-benzylvaline; and 

a-Hydroxy and substituted a -hydroxy amino acids including serine, threonine, 
aUothreonine, phosphoserine and phosphothreonine. 

Polypeptides are polymers of amino acids in which a carboxyl group of one amino 
acid mononoer is bonded to an amino or imino group of the next amino acid monomer by an 
20 amide bond. Polypeptides include dipeptides, low molecular weight polypeptides (about 
1500-5000 MW) and proteins. Proteins optionally contain 3, 5, 10, 50, 75, 100 or more 
residues, and suitably are substantially sequence-homologous with human, animal, plant or 
microbial proteins. They include enzymes (e.g., hydrogen peroxidase) as well as 
immunogens such as KLH, or antibodies or proteins of any type against which one wishes to 
25 raise an immune response. The nature and identity of the polypeptide may vary widely. 

. The polypeptide amidates are useful as immunogens in raising antibodies against 
either the polypeptide (if it is not inomunogenic in the animal to which it is administered) or 
against the epitopes on the remaind^ of the compoimd of this invention. 

Antibodies capable of binding to the parental non-peptidyl con^>ound are used to 
30 separate the parental cornpound from mixtures, for example in diagnosis or manufacturing of 
the parental compound. The conjugates of parental compoimd and polypeptide generally are 
more immunogenic than the polypeptides in closely homologous animals, and therefore make 
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the polypeptide more immmiogenic for facilitating raising antibodies against it. Accordingly, 
the polypeptide or protein may be immunogenic in an animal typically used to raise 
antibodies, e.g., rabbit, mouse, horse, or raL The polypeptide optionally contains a 
peptidolytic enzyme cleavage site at the peptide bond between the first and second residues 
adjacent to the acidic heteroatom. Such cleavage sites are flanked by enzymatic recognition 
structures, e.g. a particular sequence of residues recognized by a peptidolytic enzyme. 

Peptidolytic enzymes for cleaving the polypeptide conjugates of this invention are 
well known, and in particular include carboxypeptidases, which digest polypeptides by 
removing C-tenninal residues, and are speciSc in many instances for particular C-terminal 
sequences. Such enzymes and their substrate requirements in general are well known. For 
example, a dq)eptide Qiaving a given pair of residues and a free carboxyl terminus) is 
covalently bonded through its a-amino group to the phosphorus or carbon atoms of the 
comoounds herein. In certain ernbodiments, a phosphonate group substituted with an amino 
acid or peptide will be cleaved by the ^propriate p^tidolytic enzyme, leaving the carboxyl 
of the proximal amino acid residue to autocatalytically cleave the phosphonoamidate bond. 

Suitable dipeptidyl groups (designated by their single letter code) are AA, AR, AN, 
AD, AC, AE, AQ, AG, AH, AI, AL, AK, AM, AF, AP, AS, AT, AW, AY, AV, RA, RR, RN, 
RD, RC, RE, RQ, RG, RH, RI. RL, RK, RM, RF, RP, RS, RT, RW, RY, RV, NA, MR, NN, 
ND, NC, NE, NQ, NG, NH, MI. NL, NK, NM, NF, MP, NS, NT, NW. NY, NV, DA, DR, 
DN, DD, DC, DE, DQ, DG, DH, DI, DL, DK, DM, DF, DP, DS, DT, DW, DY, DV, CA, CR, 
CN, CD, CC. CE, CQ, CG, CH, Q, CL, CK, CM, CF, CP. CS, CT, CW, CY, CV, EA, ER, 
EN. ED, EC, EE, EQ, EG, EH, EI, EL, EK. EM, EF, EP, ES, ET, EW, EY, EV, QA, QR, 
QN, QD. QC, QE, QQ. QQ. QH, QI, QL, QK. QM, QF, QP, QS, QT, QW. QY, QV, GA, 
GR, GN, GD, GC, GE, GQ, C3G, GH, GI, GL, GK. GM, GF, GP, GS. GT, GW, GY, GV, 
HA. HR. HN, HD, HC. HE, HQ, HG, HH, HI. HL. HK, HM, HF, HP, HS, HT.HW.HY, 

Hv, lA. m, m, m, ic, IE, iQ. iG. iH, n, iL, IK, iM. IF, n>, IS, IT, iw, lY, w, lA iJ^ m 

LD, LC, LE, LQ, LG, LH. LI. LL, LK. LM. LF, LP, LS. LT. LW, LY, LV, KA, KR, KN, 
KD, KC. KE, KQ, KG. KH, KI. KL. KK. KM, KF, KP, KS, KT, KW, KY, KV, MA. MR, 
MN, MD. MC, ME, MQ, MG, MH, MI, ML, MK, MM, MF, MP, MS, MT, MW, MY, MV, 
FA. FR, FN. FD, FC, FE, FQ, FG, EH, FI, FL, FK, FM, FF. FP, FS, FT, FW, FY, FV, PA. 
PR, PN, PD, PC, PE, PQ, PG, PH. PI. PL. PK. PM, PF, PP, PS, PT, PW. PY, PV, SA, SR. 
SN, SD. SC. SE, Sa SG. SH, SI. SL, SK, SM, SF, SP, SS, ST. SW. SY. SV, TA. TR, TN, 
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mTC,mTQ,TG,mTI,TL,TK,'IM,TF,TP, TS, TT, TW, TY, TV, WA, WR, WN, 
mWC,mWQ,WG,WH,M,WL,WE:,WM,WF,WP,WS. WT,WW,WY, WV. 
YA, YR, m m YC, YE, YQ, YG, m YI, YL, YK, YM. YF, YP, YS, YT, W, YY^ 
YV,VA,VR,VN, VD, VC, VE, VQ, VG, VH, VI, VL, VK, VM, VF, VP, VS, VT,VW,VY 
5 andW. 

Tripeptide residues are also useful as protecting groups. When a phosphonate is to be 
protected, the sequence -X*-pro-X^- (where X* is any amino acid residue and is an amino 
acid residue, a carboxyl ester of proline, or hydrogen) will be cleaved by luminal 
carboxypeptidase to yield X^ with a free carboxyl, which in turn is e3q>ected to 

10 autocatalytically cleave the phosphonoamidate bond. The carboxy group of X optionally is 
esterified with benzyl 

Dipeptide or tripeptide species can be selected on the basis of known transport 
properties and/or susceptibility to peptidases that can affect transport to intestinal mucosal or 
other cell types. Dipq>tides and trq>eptides lacking an a-amino group are transport substrates 

IS for the peptide transporter found in brush border membrane of intestinal mucosal ceUs (Bai, 
J.P.F., (1992) Pharm Res, 9:969-978. Transport con5)etent peptides can thus be used to 
enhance bioavailability of the amidate compounds. Di- or tripeptides having one or more 
amino acids in the D configuration may be compatible with peptide transport Amino acids 
in the D configuration can be used to reduce the susceptibility of a di- or tripeptide to 

20 hydrolysis by proteases common to the brush border such as aminopeptidase N. In addition, 
di- or tripeptides altematively are selected on the basis of their relative resistance to 
hydrolysis by proteases found in the lumen of the intestine. For example, tripeptides or 
polypeptides lacking asp and/or glu are poor substrates for aminopeptidase A, di- or 
trq)eptides lacking amino acid residues on the N-terminal side of hydrophobic anfiino acids 

25 (leu, tyr, phe, val, tip) are poor substrates for endopeptidase, and peptides lacking a pro 
residue at the penultimate position at a free carbo^l terminus are poor substrates for 
carboxypq>tidase P. Similar considerations can also be applied to the selection of peptides 
that are either relatively resistant or relatively susceptible to hydrolysis by cytosohc, renal, 
hepatic, serum or other peptidases. Such poorly cleaved polypeptide amidates are 

30 immimogens or are useful for bonding to proteins in ord&r to prepare inomunogens. 

Phosphonate analogs of known experimental or approved Protease Inhibitor Drugs 



- 229 - 



wo 03/090690 



PCT/US03/12901 



The known e^sperimental or approved protease inhibitor drugs which can be 
derivatized in accord with the present invention must contain at least one functional group 
capable of linking, Le. bonding to the phosphorus atom in the phosphonate moiety. The 
phosphonate derivatives of Formulas I-VIH may cleave in vivo in stages after they have 
5 reached the desired site of action, Le. ioside a ceU. One mechanism of action inside a cell 
may entail a first cleavage, e.g. by esterase, to provide a negatively-charged "locked-in" 
intermediate. Cleavage of a terminal ester grouping in Formulas I-Vm thus affords an 

« 

unstable intermediate which releases a negatively charged "locked in" intermediate* 

After passage inside a cell, intracellular enzynoatic cleavage or modification of the 

10 phosphonate prodrug conq>ound miay result in an intracellular accumulation of the cleaved or 
modified con^imd by a 'trapping'' mechanism. The cleaved or modiG.ed cont^ound may 
then be *locked-in'' the cell, Le. accumulate in the cell by a significant change in charge, 
polarity, or other physical property change which decreases the rate at which the cleaved or 
modified compound can exit the cell, relative to the rate at which it entered as the 

IS phosphonate prodrug. Other mechanisms by which a therapeutic effect is achieved may be 
operative as weU. Enzymes which are capable of an enzymatic activation mechanism with 
the phosphonate prodrug conq>ounds of the invention include, but are not limited to, 
amidases, esterases, microbial enzymes, phospholipases, cholinesterases, and phosphatases. 
In selected instances in which the drug is of the nucleoside type, such as is the case of 

20 zidovudine and numerous other antiretroviral agents, it is known that the drug is activated in 
vivo by phosphorylation. Such activation may occur in the present system by enzymatic 
conversion of the "locked-in" intermediate with phosphokinase to the active phosphonate 
diphosphate and/or by phosphorylation of the drug itself after its release j&rom the "locked-in" 
intermediate as described above. In either case, the original nucleoside-type drug will be 

25 converted, via the derivatives of this invention, to the active phosphorylated species. 

From the foregoing, it will be apparent that many structurally different known 
approved and experimental HTV protease inhibitor drugs can be derivatized in accord with 
the present invention. Numerous such drugs are specifically mentioned herein. However, it 
should be understood that the discussion of dmg families and their specific members for 

30 derivatization according to this invention is not iutended to be exhaustive, but merely 
illustrative. 
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As another exaniple, when the selected drug contains inu]tq)le reactive hydroxyl 
functions, a mixture of intmnediates and final products may again be obtained. In the 
unusual case in which all hydroxy groups are approximately equally reactive, th^ is not 
expected to be a single, predominant product, as each mono-substituted product wiU be 

5 obtained in approximate by equal amounts, while a lesser amount of multiply-substituted 
product will also result. Generally speakmg, however, one of the hydroxyl groups will be 
more susceptible to substitution than the other(s), e.g. a prunary hydroxyl will be more 
reactive than a secondary hydroxyl, an unhindered hydroxyl will be more reactive than a 
hindered one. Consequently, the major product will be a mono-substituted one in which the 

10 most reactive hydroxyl has been derivatized while other mono-substituted and multiply- 
substituted products may be obtained as minor products. 

Formula I coiqpounds having a 3-hydroxy-S-amino-pentamide core include Indinavir- 
like phosphonate protease inhibitors (ILPPI). Conq)ounds of the invention include 
phosphonate analogs of other known PI compounds with a 3-hydroxy-S-amino-pentamide 

15 core which have been identified as CGP-49689, CGP-53437, CGP-57813 (Novartis); L- 
689502, L-693549, L-748496, L-754394, MK-944a, Iddb63, Iddb88 (Merck); Lasinavir 
(Bristol-My^s Squibb); U-81749 (PNU/Pfizer); SB-203386, SKF-108922 (SmithKline 
Beecham). 




I 



O 



20 Formula n compounds having a 2-hydroxy-l, 3-amino-propylaimde or 2-hydroxy- 

1,3-amino-propylaminosulfone core include Amprenavir-like phosphonate protease inhibitors 
(AMLPPI). Con[9>oimds of the invention include phosphonate analogs of other known PI 
conq>ounds with a 2-hydroxy-3-amido-propylamide or 2-hydroxy-3-aiiiido- 
propylaminosulfone core which have been identified as Droxinavir, Telinavir, Iddb51 

25 (Searle); Ph4556 (WO 95/29922; Ph5145 (WO 96/31527; DPC-681. DPC-684 (DuPont); 
VB-1 1328 (Vertex); TMC-1 14 (Tibotech/Johnson & Johnson). Pbrmula n con?K)unds also 
include phosphonate analogs of fosamprenavir where the 2-hydroxy is phosphorylated, Le, 
having a or 2-phosphate-l,3-amino-propylarDinosulfone core (US Patent No. 6,436,989). 
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The embodiments of the invention also inchide the following phosphonate analogs of 

Formula n, represented as Formulas Ila-Ig: 

D 

A-(B)x-N-CH^CH-CHt-IsKSOi_E 

i I I 

H OH D' na 



described as "(J)" in: WO 94/05639 (published 17 March 1994) at page 4, line 15, to page 6, 
line 27, page 15, line 21, to page 17, line 33, and Claim 1; US Patent No. 5,585,397 (issued 
17 December 1996) at coL 2, line 45, to coL 3, line 53, and coL 8, line 1, to coL 9, line 12; US 

10 Patent No. 5,783, 701 (issued 21 July 1998) at coL 2, line 43, to coL 3, line 64, col. 8, line 13. 
to coL 9, line 33, and Claim 1; US Patent No. 5,856,353 (issued 5 January 1999) at coL 2, 
line 45, to col. 3, line 65, coL 8, line 14, to coL 9, line 37, and Claim 1; US Patent No. 
5,977,137 (issued 2 November 1999) at col. 2, line 43, to coL 3, line 65, coL 8, line 15, to col. 
9, line 38, and Claim 1; and US Patent No. 6,004,957 (issued 21 December 1999) at coL 2, 

15 line 47, to col. 4, line 3, coL 8, line 18, to col. 9, line 41, and Claim 1 therein. 

D 9H D 

.11 I 

TED*— R^— NH-C3f-<3f-CB%— N— SQj— E m, 



20 described as "(I)" in: WO 96^3184 (published 24 October 1996) at page 4, line 19, to page 
6, line 5, page 17, line 11, to page 19, line 31, and Claim 1; and US Patent No. 5,723,490 
(issued 3 March 1998) at coL 2, line 49, to coL 3, line 39, coL 8, line 66, to coL 10, line 36. 
and Claim 1. 

D OH D- 
A— Ri-NH-CH-O^O^j-ilj-SQj-E Hc 

25 
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described as '•(I)" in: WO 96/33187 published 24 October 1996) at page 4, line 23, to page 
6, line 18, page 18, Hne 8, to page 21, line 18, and Claims 1 and 6; US Patent No. 5,691,372 
(issued 25 NovembCT 1997) at coL 2, line 43, to coL 3, line 47, coL 9, line 21, to coL 11, line 
5, and Claims 1 and 5; and US Patent No. 5,990,155 (issued 23 Novemba: 1999) at coL 2, 
5 line 46, to col. 3, line 55, col. 9, line 25, to coL 11, line 13, and Claims 1 and 3. 




D nd 

described as "CO" in: WO 99/33793 (published 8 July 1999) at page 4, line 1, to page 7, line 
10 29, page 17, line 1, to page 20, line 33, and Claim 1. 

D 

A-(B)x-Nh-Ci^CH-a4-N-S02-E 

(G), or7 

described as "(I)" in: WO 99/33815 (published 8 July 1999) at page 4, line 1, to page 7, line 
15 19, page 12, line 18, to page 16, line 7, and Claim 1; and WO 99/65870 (published 23 

Deceniber 1999) at page 4, line 7, to page 8, line 4, page 12, line 7, to page 16, line 4, and 
Claim 1. 

D 
I 

A-(S)x~]j^CH-CH-.CttHSf— — 

(GXc nf 

* 

20 described as "00" in: WO 00/47551 (published 17 August 2000) at page 4, line 10, to page 8, 
line 29, page 13, line 14, to page 17, line 32, and Claim 1. 




25 



ng 
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20 



described as "(I)" in: WO 00/76961 (published 21 December 2000) at page 5, line 1, to page 
10, line 24, page 14, line 28, to page 20, line 21, and Qaim 1. 




nh 

described as "(I)" ia: WO 99/33792 (published 8 July 1999) at page 4, line 5. to page 7, line 
35, page 17, line 10, to page 21, line 6, and Claim 1; WO 95/24385 (published 14 September 
1995) at page 4, line 24, to page 7, line 14, page 16, line 20, to page 19, line 8, and Claims 1 

10 and 29; and US Patent No. 6,127,372 (issued 3 October 2000) at coL 2. line 58, to coL 4, line 
28, coL 8, line 66, to coL 10, line 37, and Claim 1. 

Formula IH compounds having a 2-hydroxy-3-amino-propylamide core include KNI- 
like phosphonate protease inhibitors (KNILPPI). Compounds of the invention include 
phosphonate analogs of other known PI conopounds with a 2-hydroxy-3-amido-propylamide 

15 or 2-hydroxy-3-amido-propylaminosulfone core which have been identified as KNI-764 (JE- 
2147, AG1776); KNI-102, KNI-227, KNI-241, KNI-272, KNI-413, KNI-549, KNI-577, 
KNI-727, JE-2178 (Japan Energy); Ph3939 (EP 587311); R-87366, Iddbl34 (Sankyo); VLE- 
776 (Scripps Institute). 

OH 




m 



Formula IV compounds having a 2-hydroxy-4-amino-butylamine core include 
Ritonavir-like phosphonate protease inhibitors (RLPPI) and Lopinavir-like phosphonate 
protease inhibitors (LLPPI). Compounds of the invention include phosphonate analogs of 
other known PI compoiinds with a 2-hydtoxy--4-annno-butylamine core which have been 
25 identified as A-76928, A-80735, A-80987 (Abbott Laboratories). 



IV 
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protease inhibitors (NLPPI). CoiniK)uncis of the invention inchide phosphonate analogs of 
S oth^ known PI conq)ounds with an acylated 1,3-diaminopropane core which have been 
identified as Ro-33-2910, Ro-33-4649 (Hofioian La Roche); BMS-182193, BMS-186318, 
BMS-187(y71 (Bristol-Myers Squibb); JG-365 (Univ. of Wisconsin); L-704325, L-738872, L- 
739594, L-743770 (Merck & Co.); LB-71206 (LG CaieDoical Ltd.); LY-296242, LY-314163, 
LY-3 16683, LY-326620 (EU Lilly Co.), Pahnavir (BioMega/Bl); Ph5640, Ph6090 (WO 
10 97/21100). 



Formula VI compounds having a 2-hydroxy-3-diaza-propylamide core include 
Atazanavir-like phosphonate protease inhibitors (ATLPPI). Compounds of the invention 
15 include phosphonate analogs of other known PI compounds with a 2-hydroxy-3-diaza- 
propylamide core which have been identified as CGP-56603, CGP-53820, CGP-70726 
(Novartis), ABT~538 (Abbott Laboratories), and DG-35 (National Cancer Institute). 



Formula Vn compounds having sulfonamide 5,6-dihydro-4-hydroxy-2-pyrone core 
include Tipranavir-like phosphonate protease inhibitors (TLPPI). 




O 




20 
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vn 



Formula VTTT coinpouiids have a six or seven-menibered ring, cyclic carbonyl, 
sulfone, or sulfonyl core, where is oxygen, sulfur, or substituted nitrogen and M2 is 1 or 2. 
The invention includes Cyclic carbonyl-like phosphonate protease inhibitor con^iounds 
(CCLPPI), e.g. Fommla VHIa-d. 




vnib 



Vmd; 



Cychc carbonyl protease inhibitors without a phosphonate group are described in US 
Patent Nos. RE37781; 6,503,898; 5,880,295; 5,811,422; 5,610,294; 5,559,252; and 
5,506,355, as weU as patent applications and granted patents which are equivalents of, or 
related by priority claims thereto. CCLPPI conq)Ounds also include phosphonate analogs of: 




n 



described as "(I)" m WO 94/19329 (published 1 September 1994) at page 4, line 23, to page 
21, line 16 and Claim 1. Also conten^plated are patent apphcations and granted patents 
which are equivalents of or related by priority claims to WO 94/19329. 



Stereoisomers 
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Hie compounds of the invention, exemplified by Fonnula I and H, may have chiral 
centers, e.g. chiral carbon or phosphorus atoms. The compounds of the invention thus 
include racemic mixtures of all stereoisomers, including enantiomers, diastereomers, and 
atropisomers. In addition, the compounds of the invention include enriched or resolved 
optical isomers at any or all asjmometric, chiral atoms. In other words, the chiral centers 
apparent from the depictions are provided as the chiral isomers or racemic mixtures. Both 
racemic and diastereomeric nnxtures, as well as the individual optical isomers isolated or 
synthesized, substantially free of their enantiomeric or diastereomeric partners, are all within 
the scope of the invention. The racemic mixtures are separated into their individual, 
substantially optically pure isomers through well-known techniques such as, for exaiiq>le, the 
separation of diastereomeric salts formed with optically active adjuncts, e.g., acids or bases 
followed by conversion back to the optically active substances. In most instances, the desired 
optical isomer is synthesized by means of stereospecific reactions, beginning with the 
appropriate stereoisomer of the desired starting material. 

The compounds of the invention can also exist as tautomeric isomers in certain cases. 
All though only one delocaUzed resonance structure may be depicted, all such forms are 
contemplated within the scope of the iiavention. For exaiuple, ene-amine tautomers can exist 
for purine, pyrimidine, imidazole, guanidine, amidine, and tetrazole systems and aU their 
possible tautomeric forms are within the scope of the invention. 

Salts and Hvdrates 

The conq)Ositions of this invention optionally comprise salts of the compounds herein, 
especially pharmaceutically acceptable non-toxic salts containing, for exanq>le, Na+, Li+, 
K+» Ca+2 and Mg+2, Such salts inay include those derived by combination of appropriate 
cations such as alkali and alkaline earth metal ions or ammonium and quaternary amino ions 
with an acid anion moiety, typically a carboxylic acid. Monovalent salts are preferred if a 
water soluble salt is desired. 

Metal salts typically are prepared by reacting the metal hydroxide wifli a compound of 
this invention. Exan[q>les of metal salts which are prepared in this way are salts containing 
Li"*", Na+, and Kt. A less soluble metal salt may be precq)itated from the solution of a more 
soluble salt by addition of the suitable metal confound. 

In addition, salts may be formed from acid addition of certain organic and inorganic 
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acids, e.g., HC3i, HBr, H2SO4, H3PO4 or organic siiM)nic acids, to basic centers, typically 
amines, or to acidic groups. Finally, it is to be understood that the conopositions herein 



suitable, especially the naturally-occurring amino acids found as protein components, 
although the amino acid typically is one bearing a side chain with a basic or acidic group, 
e.g., lysine, arginine or glutamic acid, or a neutral group such as glycine, serine, threonine, 
10 alanine, isoleucine, or leucine. 

A/TftthnHs of Inhibition of HIV Protease 



for such inhibitors or have other utilities as described below. The inhibitors will bind to 
locations on the surface or in a cavity of HIV protease having a geometry unique to HIV 
protease. Compositions binding HIV protease may bind with varying degrees of reversibility. 
Those compounds binding substantially irreversibly are ideal candidates for use in this 

20 method of the invention. Once labeled, the substantially irreversibly binding compositions 
are useful as probes for the detection of HIV protease. Accordingly, the invention relates to 
methods of detecting HIV protease in a sarople suspected of containing HTV protease 
conqyrising the steps of. treating a sample suspected of containing HIV protease with a 
conq)Osition comprising a compound of the invention bound to a label; and observing the 

25 effect of the san5>le on the activity of the labeL Suitable labels are well known in the 
diagnostics field and include stable free radicals, fluorophores, radioisotopes, enzymes, 
chemiluminescent groups and chromogens. The compounds herein are labeled in 
conventional fashion using functional groups such as hydroxyl, carboxyl, sulfhydryl or 
amino. 

30 Within the context of the invention, san^les suspected of containing HIV protease 

include natural or man-made materials such as living organisms; tissue or cell cultures; 

biological saiiq)les such as biological material samples (blood, serum, urine, cerebrospinal 
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Also included within the scope of this invention are the salts of the parental 
compounds with one or more anaino acids. Any of the amino acids described above are 
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fluid, tears, sputum, saliva, tissue sanq>les, and the like); laboratory sai!q>les; fDod, water, or 
air sainples; bioproduct sarcples such as extracts of cells, particularly recombinant cells 
synthesizing a desired glycoprotein; and the like. Typically the sample will be suspected of 
* containing an organism which produces HTV protease, frequently a pathogenic organism such 
S as HTV. Samples can be contained in any medium including water and organic solventXwater 
mixtures. Saiuples include living organisms such as humans, and man made materials such 
as cell cultures. 

The treating step of the invention comprises adding the conq>osition of the invention 
to the sample or it conq)rises adding a precursor of the con^osition to the sanq>le. The 
10 addition step conoprises any method of administration as described above. 

If desired, the activity of HIV protease after application of the composition can be 
observed by any method including direct and indirect methods of detecting HTV protease 
activity. Quantitative, qualitative, and semiquantitative methods of determining HIV 
protease activity are all contemplated. Typically one of the screening methods described 
15 above are applied, however, any other method such as observation of the physiological 
properties of a living organism are also applicable. 

Organisms that contain HTV protease include the HTV virus. The confounds of this 
invention are useful in the treatment or prophylaxis of HTV infections in animals or m man. 
However, in screening con^oimds capable of inhibiting human immunodeficiency 
20 viruses, it should be kept in mind that the results of enzyme assays mscy not correlate with cell 
culture assays. Thus, a cell based assay should be the primary screening tooL 

Screens for HTV prote asft Trihihitors. 

Con^ositions of the invention are screened for inhibitory activity against HIV 
protease by any of the conventional techniques for evaluating enzyme activity. Within the 
25 context of the invention, typically compositions are first screened for inhibition of HIV 

protease in vitro and conq>ositions showing inhibitory activity are then screened for activity 

in vivo. Conq>ositions having in vitro Ki (inhibitory constants) of less then about 5 X 10"^ 

M, typically less than about 1 X 10"^ M and preferably less than about 5 X 10"^ M are 
preferred for in vivo use. 
30 Usefiil in vitro screens have been described in detail and will not be elaborated here. 

However, the examples describe suitable in vitro assays. 
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Pharmaceutical Formulations 

The conqx>unds of this invention are formulated with conventional carriers and 
excipients, which will be selected in accord with ordinary practice. Tablets will contain 
excipients, glidants, fillers, binders and the like. Aqueous fornmlations are prepared in sterile 

5 form, and when intended for deliv^y by oibst than oral administration generally will be 
isotonic. All fonnulations will optionally contain encipients such as those set forth in the 
"Handbook of Pharmaceutical Excipients" (1986). Exc^ients include ascorbic acid and other 
antioxidants, chelating agents such as EDTA, carbohydrates such as dextran, 
hydroxyai^lcellulose, hydroxyalkylmethylcellulose, stearic acid and the like. The pH of the 

10 fonnulations ranges from about 3 to about 1 1, but is ordinarily about 7 to 10. 

While it is possible for the active ingredients to be administCTed alone it may be 
preferable to present them as pharmaceutical fonnulations. The formulations, both for 
veterinary and for himian use, of the invention comprise at least one active ingredient, as 
above defined, together with one or more acceptable carriers therefor and optionally oth^ 

15 therapeutic ingredients. The carrier(s) must be "acceptable" in the sense of being compatible 
with the other ingredients of the formulation and physiologically innocuous to the recipient 
thereof 

The formulations include those suitable for the foregoing adroinistration routes. The 
formulations may conveniently be presented in unit dosage form and may be prepared by any 

20 of the methods well known in the art of pharmacy. Techniques and formulations generally 
are found in Remingtons Pharmaceutical Sciences (Mack Publishing Co., Easton, PA). Such 
methods include the step of bringing into association the active ingredient with the carrier 
which constitutes one or more accessory ingredients. In general the formulations are 
prepared by uniformly and intimately bringing into association the active ingredient with 

25 liquid carriers or fimely divided solid carriers or both, and then, if necessary, shaping the 
product 

Formulations of the present invention suitable for oral administration may be 
presented as discrete units such as capsules, cachets or tablets each containing a 
predetermined anoount of the active ingredient; as a powder or granules; as a solution or a 
30 suspension in an aqueous or non-aqueous liquid; or as an oil-in-water liquid emulsion or a 
water-in-oil liquid emulsion. The active ingredient may also be administered as a bolus, 
electuary or paste. 
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A tablet is made by con^ression or moldings optionally with one or more accessory 
ingredients. Con^pressed tablets may be prepared by cojxq>res5ing in a suitable machine the 
active ingredient in a free-flowing form such as a powder or granules, optionally mixed with 
a binder, lubricant, inert diluent, preservative, surfece active or dispersing agent. Molded 
5 tablets may be made by molding in a suitable machine a mixture of the powdered active 
ingredient moistened with an inert liquid diluent. The tablets may optionally be coated or 
scored and optionally are fonnulated so as to provide slow or controlled release of the active 
. ingredient therefrom. 

For infections of the eye or other external tissues e.g. mouth and skin, the 
10 formulations are pref^ably applied as a topical ointment or cream containing the active 

ingredient(s) in an amount of, for example, 0.075 to 20% w/w (including active ingredient(s) 
in a range between 0.1% and 20% in increments of 0.1% w/w such as 0.6% w/w, 0.7% w/w, 
etc.), preferably 0.2 to 15% w/w and most preferably 0.5 to 10% w/w. When fonnulated in 
an ointment, the active ingredients may be employed with either a parafSnic or a water- 
15 miscible ointment base. Alternatively, the active ingredients may be formulated in a cream 
with an oil-in- water cream base. 

If desired, the aqueous phase of the cream base may include, for example, at least 
30% w/w of a polyhydric alcohol, Le. an alcohol having two or more hydroxyl groups such as 
propylene glycol, butane 1,3-diol, mannitol, sorbitol, glycerol and polyethylene glycol 
20 (including PEG 400) and mixtures thereof The topical formulations may desirably include a 
compound which enhances absorption or penetration of the active ingredient through the skin 
or other affected areas. Examples of such dermal penetration enhancers include dimethyl 
sulphoxide and related analogs. 

The oily phase of the emulsions of this invention may be constituted from known 
25 ingredients in a known manner. While the phase may comprise merely an emulsifier 

(otherwise known as an emulgent), it desirably comprises a mixture of at least one emulsifier 
with a fat or an oil or with both a M and an oil. Preferably, a hydrophilic emulsifier is 
included together with a lipophilic emulsifier which acts as a stabilizer. It is also preferred to 
include both an oil and a fet. Togeth^, the eraulsifier(s) with or without stabilizer(s) make 
30 up the so-called emulsifying wax, and the wax together with the oil and fat make up the so- 
called emulsifying ointment base which forms the oily dispersed phase of the cream 
formulations. 
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Emulgents and emulsion stabilize suitable for use in the fonnulation of the invention 

include Tween® 60, Span® 80, cetostearyl alcohol, benzyl alcohol, myristyl alcohol, glyceryl 
mono-stearate and sodium lauryl sulfate. 

The choice of suitable oils or fats for the fonnulation is based on achieving the 
S desired cosmetic properties. The cream should preferably be a non-greasy, non-staining and 
washable product with suitable consistency to avoid leakage from tubes or other containers. 
Straight or branched chain, mono- or dibasic alkyl esters such as di-isoadipate, isocetyl 
stearate, propylene glycol diester of coconut fetty acids, isopropyl myristate, decyl oleate, 
isopropyl palmitate, butyl stearate, 2-ethylhexyl palmitate or a blend of branched chain esters 
10 known as Crodamol CAP may be used, the last three being preferred esters. These nmy be . 
used alone or in combination depending on the properties required. Alternatively, high 
melting point lipids such as white soft paraffin and/or liquid paraffin or other mineral oils are 
used. 

Pharmaceutical formulations according to the preset invention conq)rise a 

15 combination according to the invention together with one or more pharmaceutically 

acceptable carriers or excipients and optionally other therapeutic agents. Pharmaceutical 
formulations containiug the active ingredient may be in any form suitable for the intended 
method of administration. When used for oral use for exsarsple^ tablets, troches, lozenges, 
aqueous or oil suspensions, dispersible powders or granules, emulsions, hard or soft capsules, 

20 syrups or elncirs may be prepared. Compositions intended for oral use may be prepared 
according to any method known to the art for the noanufacture of pharmaceutical 
compositions and such compositions may contain one or more agents including sweetening 
agents, flavoring agents, coloring agents and preserving agents, in order to provide a 
palatable preparation. Tablets containing the active ingredient in admixture with non-toxic 

25 pharmaceutically acceptable excipient which are suitable for manufacture of tablets are 

acceptable. These excipients may be, for example, inert diluents, such as calcium or sodium 
carbonate, lactose, calcium or sodium phosphate; granulating and disintegrating agents, such 
as maize starch, or alginic acid; binding agents, such as starch, gelatin or acacia; and 
lubricating agents, such as magnesium stearate, stearic acid or talc. Tablets may be uncoated 

30 or may be coated by known techniques including microencapsulation to delay disintegration 
and adsorption in the gastrointestinal tract and thereby provide a sustained action over a 
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longer period. For exanq>le, a time delay material such as glyceryl monostearate or glyceryl 
distearate alone or with a wax may be eiiq>Ioyed. 

Formulations for oral use may be also presented as hard gelatin capsules where the 
active ingredient is mixed with an inert solid diluent, for example calcium phosphate or 
5 kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with wat^ or an oil 
medium, such as peanut oil, liquid para£5n or olive oiL 

Aqueous suspensions of the invention contain the active materials in admixture with 
excipients suitable for the manu&cture of aqueous suspensions. Such excq>ients include a 
suspending agent, such as sodium carboxymethylcellulose, methylcellulose, hydroxypropyl 

10 methylcelluose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia, and 
dispersing or wetting agents such as a naturally occurring phosphatide (e.g., lecithin), a 
condensation product of an alkylene oxide with a fatty acid (e.g., polyoxyethylene stearate), a 
condensation product of ethylene oxide with a long chain aliphatic alcohol (e.g., 
heptadecaethyleneoxycetanol), a condensation product of ethylene oxide with a partial ester 

IS derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan 

monooleate). The aqueous suspension may also contain one or more preservatives such as 
ethyl or n-propyl p-hydroxy-benzoate, one or more coloring agents, one or more flavoring 
agents and one or more sweetening agents, such as sucrose or saccharin. 

Oil suspensions may be formulated by suspendiog the active ingredient in a vegetable 

20 on, such as arachis oH, olive oil, sesame oil or coconut oH, or in a mineral oil such as liquid 
parafGn. The oral suspensions may contain a thickening agent, such as beeswax, hard 
paraffin or cetyl alcohol. Sweetening agents, such as those set forth above, and flavoring 
agents may be added to provide a palatable oral preparation. These conq)ositions may be 
preserved by the addition of an antioxidant such as ascorbic acid. 

25 Dispersible powders and granules of the invention suitable for preparation of an 

aqueous suspension by the addition of water provide the active ingredient in admixture with a 
dispersing or wetting agent, a suspending agent, and one or more preservatives. Suitable 
dispersing or wetting agents and suspending agents are exemplified by those disclosed above. 
Additional excipients, for exanq>le sweetening, flavoring and coloring agents, may also be 

30 present. 

The pharmaceutical cocqpositions of the invention may also be in the form of oil-in- 
water enmilsions. The oily phase may be a vegetable oil, such as olive oil or arachis oil, a 
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mineral oil, such as liquid paraffin, or a mixture of these. Suitable emulsifying agents include 
naturally-occuiring gums, such as gum acacia and gum tragacanth, naturally occurring 
phosphatides, such as soybean lecithin, esters or partial estrars derived from fetty acids and 
hexitol anhydrides, such as sorbitan monooleate, and condensation products of these partial 
esters with ethylene oxide, such as polyoxyethylene sorbitan monooleate. The emulsion may 
also contain sweetening and flavoring agents. Synips and elixirs may be formulated with 
sweetemng agents, such as glycerol, sorbitol or sucrose. Such formulations may also contain 
a demulcent, a preservative, a flavoring or a coloring agent. 

The pharmaceutical compositions of the invention may be in the form of a staile 
injectable preparation, such as a sterile injectable aqueous or oleaginous suspension. Ihis 
suspension may be fonnnlated according to the known art usmg those suitable dispersmg or 
wetting agents and suspending agents which have been mentioned above. The sterile 
mjectable preparation may also be a sterile injectable solution or suspension in a non-toxic 
parenteraUy acceptable diluent or solvent, such as a solution in 1,3-butane-diol or prepared as 
a lyophilized powder. Among the acceptable vehicles and solvents that may be employed are 
water. Ringer's solution and isotonic sodium chloride sohition. In addition, sterile fixed oils 
may conventionaUy be employed as a solvent or suspending medium. For this purpose any 
bland fixed oil may be employed including synthetic mono- or diglycerides. In addition, fetty 
acids such as oleic acid may likewise be used in the preparation of injectables. 

The amount of active ingredient that may be combined with the carrier material to 
produce a single dosage form will vary depending upon the host treated and the particular 
mode of administration. For example, a time-release formulation intended for oral 
administration to humans may contam approxunately 1 to 1000 mg of active material 
compounded with an appropriate and convenient amount of carrier material which may vary 
firom about 5 to about 95% of the total compositions (weight:weight). The pharmaceutical 
composition can be prepared to provide easfly measurable amounts for administration. For 
exan^le, an aqueous solution intended for intravenous infiision may contain fi-om about 3 to 
500 ^g of tiie active ingredient per .milliliter of solution in order that infusion of a suitable 
vohune at a rate of about 30 miyhr can occur. 

Formulations suitable for topical administration to the eye also inchide eye drops 
wherein tiie active mgredient is dissolved or suspended in a suitable carrier, especially an 
aqueous solvent for the active ingredient. The active ingredient is preferably present in such 
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formulations in a concentration of 0.5 to 20%, advantageously 0.5 to 10%» and particularly 
about 1.5% w/w. 

Formulations suitable for topical administration in the mouth include lozenges 
comprising the active ingredient in a flavored basis, usually sucrose and acacia or tragacanth; 
5 pastilles conq)rising the active ingredient in an inert basis such as gelatin and glycmn, or 
sucrose and acacia; and mouthwashes conq)rising the active ingredient in a suitable liquid 
carrier. 

Formulations for rectal administration may be presented as a suppository with a 
suitable base conq)rising for example cocoa butter or a sahcylate. 

10 Formulations suitable for intrapuhnonary or nasal administration have a particle size 

for example in the range of 0.1 to 500 microns, such as 0.5, 1, 30, 35 etc., which is 
administered by rapid inhalation through the nasal passage or by inhalation through the 
mouth so as to reach the alveolar sacs. Suitable formulations include aqueous or oily 
solutions of the active ingredient. Formulations suitable for aerosol or dry powder 

15 administration may be prepared according to conventional methods and may be delivered 
with other therapeutic agents such as compounds heretofore used in the treatment or 
prophylaxis of HIV infections as described below. 

Formulations suitable for vaginal administration may be presented as pessaries, 
tampons, creams, gels, pastes, foams or spray formulations containing in addition to the 

20 active ingredient such carriers as are known in the art to be appropriate. 

Formulations suitable for parenteral administration include aqueous and non-aqueous 
sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and solutes 
which render the formulation isotonic with the blood of the intended recipient; and aqueous 
and non-aqueous sterile suspensions which may include suspending agents and thickening 

25 agents. 

The formulations are presented in unit-dose or multi-dose containers, for example 
sealed an^>oules and vials, and may be stored in a freeze-dried (lyophilized) condition 
requinng only the addition of the sterile liquid carrier, for example water for injection, 
inomediately prior to use. Extenq>oraneous injection solutions and suspensions are prepared 
30 from sterile powders, granules and tablets of the kind previously described. Preferred unit 
dosage formulations are those containing a daily dose or unit daily sub-dose, as herein above 
recited, or an appropriate fraction thereof^ of the active ingredient. 
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It should be understood that in addition to the ingredients particularly mentioned 
above the formulations of this invention may include other agents conventional in the art 
havmg regard to the type of formulation in question, for example those suitable for oral 
administration may include flavoring agents. 

The invention further provides veterinary compositions comprising at least one active 
ingredient as above defined together with a veterinary carrier therefor. 

Veterinary carriers are materials useful for the purpose of administering the 
composition and may be solid, liquid or gaseous materials which are otherwise inert or 
acceptable in the veterinary art and are coiqpatible with the active ingredient. These 
veterinary con5)ositions may be administered orally, parenterally or by any other desired 
route. 

Con5)ounds of the invention are used to provide controlled release pharmaceutical 
formulations containing as active ingredient one or more compoimds of the invention 
("controlled release formulations") in which the release of the active ingredient are controlled 
and regulated to allow less frequency dosing or to inq)rove the pharmacokinetic or toxicity 
profile of a given active ingredient. 

Effective dose of active ingredient depends at least on the nature of the condition 
being treated, toxicity, whether the confound is being used prophylactically (lower doses) or 
against an active viral infection, the method of delivery, and the pharmaceutical formulation, 
and will be determined by the clinician using conventional dose escalation studies. It can be 
expected to be from about 0.0001 to about 100 mg/kg body weight per day. Typically, from 
about 0.01 to about 10 mg/kg body weight per day. More typically, from about .01 to about 5 
mg/kg body weight per day. More typically, from about .05 to about 0.5 mg/kg body weight 
per day. For exanople, the daily candidate dose for an adult human of approximately 70 kg 
body weight will range from 1 mg to 1000 mg, preferably between 5 mg and 500 mg, and 
may take the form of single or multiple doses. 

Routes of AHmtniRtrfltinn 

One or more compounds of the invention (herein referred to as the active ingredients), 
are administered by any route appropriate to the condition to be treated. Suitable routes 
include oral, rectal, nasal, topical (including buccal and sublingual), vaginal and parenteral 
(including subcutaneous, intramuscular, intravenous, intradermal, intrathecal and epidural), 
and the like. It will be appreciated that the preferred route may vary with for example the 
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condition of the recipient. An advantage of the conqwunds of this invention is that they are 
orally hioavailable and can be dosed orally. 

Combination Theiiapv 

ConiDOsitions of the invention are also used in combination with other active 
ingredients. Such combinations are selected based on the condition to be treated, cross- 
reactivities of ingredients and pharmaco-properties of the combination. For example, when 
treating viral infections the coiiqx)sitions of the invention may be combined with other 
ahtivirals such as other protease inhibitors, nucleoside reverse transcriptase inhibitors, non- 
nucleoside reverse transanptase inhibitors or HIV integrase inhibitors. 

It is possible to combine any conqpound of the invention with one or more other active 
ingredients in a unitary dosage form for simultaneous or sequential administration to an HIV 
infected patient. The combination therapy may be administered as a simultaneous or 
sequential regimen. When administered sequentially, the combination may be administered 
in two or more administrations. Second and third active ingredients in the combination may 
have anti-HIV activity. Exemplary active ingredients to be administered in combination with 
coir{)Ounds of the invention are protease inhibitors, nucleoside reverse transcriptase 
inhibitors, non-nucleoside reverse transcriptase inhibitors, and HIV integrase inhibitors. 

The combination therapy may provide "synergy*' and "synergistic", ie. the effect 
achieved when the active ingredients used together is greater than the sum of the effects that 
results from usiag the coir5)oimds separately. A synergistic effect may be attained when the 
active ingredients are: (1) co-formulated and admmistered or delivered shnultaneously in a 
coinbined formulation; (2) delivered by alternation or in parallel as separate formulations; or 
(3) by some other regimen. When delivered in alternation therapy, a synergistic effect may 
be attained when the compounds are administered or delivered sequentially, e.g. in separate 
tablets, pills or capsules, or by different injections in separate syringes. In general, during 
alternation therapy, an effective dosage of each active ingredient is admioistered sequentially, 
i.e. serially, whereas in combination therapy, effective dosages of two or more active 
ingredients are administered together. A synergistic anti-viral effect denotes an antiviral 
effect which is greater than the predicted purely additive effects of the individual coii5>ounds 
of the combination. 

Metabolites of the Compounds of the Invention 
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Also falling within the scope of this invention are the in vivo metabolic products of 
the compounds described herein, to the extent such products are novel and unobvious ov^ 
the prior art Such products may result for example from the oxidation, reduction, hydrolysis, 
amidation, esterifiication and the like of the administered confound, primarily due to 
5 enzymatic processes. Accordingly, the invention includes novel and unobvious con:5)ounds 
produced by a process conoprising contacting a compound of this invention with a mammal 
for a period of time sufQcient to yield a metabolic product thereof Such products typically 

are identiBed by preparing a radiolabelled (e.g. l^C or ^H) compound of the invention, 
administering it parenterally in a detectable dose (e.g, greater than about 0.5 mg/kg) to an 

10 animal such as rat, mouse, guinea pig, monkey, or to man, allowing sufficient time for 
noetabolism to occur (typicaUy about 30 seconds to 30 hours) and isolating its conversion 
products from the urine, blood or other biological sanq)les. These products are easily isolated 
since they are labeled (others are isolated by the use of antibodies capable of binding epitopes 
surviving in the metabolite). The metabolite structmres are determined in conventional 

15 fashion, e.g. by MS or NMR analysis. In general, analysis of metabolites is done in the same 
way as conventional drug metabolism studies well-known to those skilled in the art. The 
conversion products, so long as they are not otherwise found in viva, are useful in diagnostic 
assays for therapeutic dosing of the compounds of the invention even if they possess no HIV 
protease inhibitory activity of their own. 

20 Recipes and methods for determining stability of coir5)Ounds in surrogate 

gastrointestinal secretions are known. Compounds are defined herein as stable in the 
gastrointestinal tract where less than about 50 mole percent of the protected groups are 
deprotected in surrogate intestinal or gastric juice upon incubation for 1 hour at 37°C. 
Simply because the conqiounds are stable to the gastrointestinal tract does not mean that they 

25 cannot be hydrolyzed in vivo. The phosphonate prodrugs of the invention typically will be 
stable in the digestive system but may be substantially hydrolyzed to the parental drug in the 
digestive lumen, liver or other metabolic organ, or within cells in general 

Exemplarv Methods of Making the Com pnnnds o f the Invention . 

The invention provides many methods of making the con^ositions of the invention. 

30 The con^sitions are prepared by any of the applicable techniques of organic synthesis. 

Many such techniques are weU known in the art, such as those elaborated in "Compendium of 

Organic Synthetic Methods" (John Wiley & Sons, New York), Vol 1, Ian T. Harrison and 
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Shuyen Harrison, 1971; VoL 2, Ian T. Harrison and Shuyen Harrison, .1974; VoL 3, Louis S, 
Hegedus and Leroy Wade, 1977; VoL 4, Leroy G. Wade, jr., 1980; VoL 5, Leroy G. Wade, 
Jr., 1984; and VoL 6, Michael B. Smith; as well as March, J., "Advanced Organic Chemistry, 
Third Edition", (John Wfley & Sons, New York, 1985), "Con^rehensive Organic Synthesis. 
Selectivity, Strategy & Efficiency in Modem Organic Chemistry. In 9 Vohunes", Barry M. 
Trost, Editor-in-Chief (Pergamon Press, New York, 1993 printing). 

Dialkyl phosphonates may be prepared according to the methods of: Quast et al 
(1974) Synthesis 490; Stowell et al (1990) Tetrahedron Lett. 3261; US Patent No. 5,663,159. 

In general, synthesis of phosphonate esters is achieved by coupling a nucleophile 
amine or alcohol with the corresponding activated phosphonate electrophilic precursor. For 
exanqjle, chlorophosphonate addition on to 5'-hydroxy of nucleoside is a weU known method 
for preparation of nucleoside phosphate monoesters. The activated precursor can be prepared 
by several well known methods. Chlorophosphonates useful for synthesis of the prodrugs are 
prepared from the substituted-l,3-propanediol (Wissner, et al, (1992) J. Med Chem. 35:1650). 
Chlorophosphonates are made by oxidation of the corresponding chlorophospholanes 
(Anderson, et al, (1984) J. Org. Chem. 49:1304) which are obtained by reaction of the 
substituted diol with phosphorus trichloride. Alternatively, the chlorophosphonate agent is 
made by treating substituted- 1,3-diols with phosphorusoxychloride (Patois, et al, (1990) /. 
Chem. Soc. Perkin Trans. /, 1577). Chlorophosphonate species may also be generated in situ 
from corresponding cycUc phosphites (Silverburg, et aL, (1996) Tetrahedron Lett., 37:771- 
774), which in turn can be either made from chlorophospholane or phosphoramidate 
intermediate. Phosphoroflouridate intermediate prepared either from pyrophosphate or 
phosphoric acid may also act as precursor in preparation of cyclic prodrugs (Watanabe et aL, 
(1988) Tetrahedron Lett., 29:5763-66). Caution : fluoirophosphoiiate compounds may be 
highly toxic! 

Phosphonate prodrugs of the present invention may also be prepared from the 
precursor free acid by Mitsunobu reactions (Mitsunobu, (1981) Synthesis, 1; Campbell, 

(1992) J. Org. Chem., 52:6331), and oth^ add coupling reagents including, but not limited 
to, carbodiimides (Alexander, et al, (1994) Collect. Czech. Chem. Commun. 59:1853; Casara, 
et al, (1992) Bioorg. Med. Chem. Lett., 2:145; Ohashi, et al, (1988) Tetrahedron Lett., 
29:1189), and benz»triazolyloxytris-(diinethylamino)phosphonium salts (Campagne, et al, 

(1993) Tetrahedron Lett., 34:6743). 
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Aryl halides undergo Ni*^^ catalyzed reaction with phosphite derivatives to give aryl 
phosphonate containing coiiq)ounds (Balthazar, et al (1980) /. Org. Chem. 45:5425). 
Phosphonates may also be prepared from the chlorophosphonate in the presence of a 
palladium catalyst using aromatic triflates (Petrakis, et al, (1987) /. Am. Chenu Soa 109:2831; 

5 Lu, et al, (1987) Synthesis, 726). In another method, aryl phosphonate esters are prepared 
from aryl phosphates und^ anionic rearrangement conditions (Melvin (1981) Tetrahedron 
Lett. 22:3375; Casteel, et al, (1991) Synthesis, 691). N-Alkoxy aryl salts with alkali metal 
derivatives of cyclic alkyl phosphonate provide general synthesis for heteroaryl-2- 
phosphonate linkers (Redmore (1970) J. Org. Chem. 35:4114). These above mentioned 

10 methods can also be extended to compounds where the group is a heterocycle. Cyclic- 
1,3-propanyl prodrugs of phosphonates are also synthesized fromphosphonic diacids and 
substituted propane-l,3-diols using a coupling reagent such as 1,3-dicyclohexylcarbodiimide 
(DCQ in presence of a base (e.g., pyridine). Other carbodiimide based coupling agents like 
. 1,3-disopropylcarbodiimide or wata: soluble reagent, l-(3-dimethylaminopropyl)-3- 

15 ethylcarbodiimide hydrochloride (EDCS) can also be utilized for the synthesis of cyclic 
phosphonate prodrugs. 

The carbamoyl group may be formed by reaction of a hydroxy group according to the 
methods known in the art, including the teachings of EUis, US 2002/0103378 Al and Hajima, 
US Patent No. 6,018,049. 

20 Schemes and Examples 

A number of exemplary methods for the preparation of the conq)ositiom of the 
• invention are provided below. These methods are intended to illustrate the nature of such 
preparations are not intended to limit the scope of applicable methods. 

General aspects of these exemplary methods are described below and in the 
25 Examples. Each of the products of the following processes is optionally separated, isolated, 
and/or purified prior to its use in subsequent processes. 

Generally, the reaction conditions such as teii5)erature, reaction time, solvents, work- 
up procedures, and the like, will be those common in the art for the particular reaction to be 
performed. The cited reference material, together with material cited therein, contains 
30 detailed descriptions of such conditions. Typically the temperatures will be -100°C to 200*^0, 
solvents will be aprotic or protic, and reaction times will be 10 seconds to 10 days. Work-up 
typically consists of quenching any unreacted reagents followed by partition between a 
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water/organic layer system (extraction) and separating the layer containing the product. 

Oxidation and reduction reactions are typically carried out at ten^eratures near room 
tenoperature (about 20**Q, although for metal hydride reductions frequently the tenoperature is 
reduced to C^C to -100**C, solvents are typically aprotic for reductions and may be either 

5 protic or aprotic for oxidations. Reaction times are adjusted to achieve desired conversions. 
Condensation reactions are typically carried out at tempmtures near room 
temperature^ although for non-equilibrating, kinetically controlled condensations reduced 
tenq>eratures (C'C to -IWC) are also common. Solvents can be either protic (common in 
equilibrating reactions) or aprotic (common in kinetically controlled reactions). 

10 Standard synthetic techniques such as azeotiopic removal of reaction by-products and 

use of anhydrous reaction conditions (e.g. inert gas environments) are common in the art and 
will be applied when applicable. 

The terms "treated", "treating", "treatment", and the like, mean contacting, mixing, 
reacting, allowing to react, bringing into contact, and other terms common in the art for 

IS indicating that one or more chemical entities is treated in such a manner as to convert it to 

one or more other chemical entities. This means that "treating con:5)ound one with compound 
two" is synonymous with "allowing coii;>ound one to react with corrq^ound two", "contacting 
compound one with conapound two", "reacting compound one with con5)Ound two", and 
other expressions conmion in the art of organic synthesis for reasonably indicating that 

20 conpound one was "treated", "reacted", "allowed to react", etc., with conqpound two. 

"Treating" indicates the reasonable and usual manner in which organic chemicals are 
allowed to react. Normal concentrations (O.OIM to lOM, typically 0. IM to IM), 
temperatures (-100°C to 250°C, typically -78^C to ISO^C, more typically -78°C to 100°C, 
still more typically O^'C to 100°Q, reaction vessels (typically glass, plastic, metal), solvents, 

25 pressures, atmospheres (typically air for oxygen and water insensitive reactions or nitrogen or 

argon for oxygen or water sensitive), etc., are intended unless otherwise indicated. The 

knowledge of similar reactions known in the art of organic synthesis are used in selecting the 

conditions and apparatus for "treating" in a given process. In particular, one of ordinary skill 

in the art of organic synthesis selects conditions and apparatus reasonably expected to 

30 successfully carry out the chemical reactions of the described processes based on the 
« 

knowledge in the art. 

Modifications of each of the exemplary schemes above and in the exanq>les (hereaft^ 
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**exeEaplary schemes") leads to various analogs of the specific exen?)lary materials produce. 
The above cited citations describing suitable n^tbods of organic synthesis are applicable to 
such modifications. 

In each of the exemplary schemes it niay be advantageous to separate reaction 
products from one another and/or from starting materials. The desired products of each step 
or series of steps is separated and/or purified (hereinafter separated) to the desired degree of 
homogeneity by the techniques common in the art Typically such separations involve 
multiphase extraction, crystallization from a solvent or solvent mixture, distillation, 
sublimation, or chromatogr^hy. Ouromatography can involve any number of methods 
including, for exan^^le: reverse-phase and normal phase; size exclusion; ion exchange; high, 
medium, and low pressure liquid chromatography methods and apparatus; small scale 
analytical; simulated moving bed (SMB) and preparative thin or thick layer chromatography, 
as well as techniques of small scale thin layer and flash chromatography. 

Another class of separation methods involves treatment of a mixture with a reagent 
selected to bind to or render otherwise separable a desired product, imreacted starting 
material, reaction by product, or the like. Such reagents include adsorbents or absorbents 
such as activated carbon, molecular sieves, ion exchange media, or the like. Alternatively, 
the reagents can be acids in the case of a basic material, bases in the case of an acidic 
material, binding reagents such as antibodies, binding proteins, selective chelators such as 
crown ethers, Uquid/liquid ion extraction reagents (LEX), or the like. 

Selection of appropriate methods of separation depends on the nature of the materials 
involved. For example, boiling point, and molecular weight in distillation and sublimation, 
presence or absence of polar functional groups in chromatography, stabihty of materials in 
acidic and basic media in multiphase extraction, and the like. One skilled m the art will apply 
techniques most likely to achieve the desired separation. 

A single stereoisom^, e.g. an enantiomer, substantially free of its stereoisomer may 
be obtained by resolution of the racemic mixture using a method such as formation of 
diastereomers using optically active resolving agents ("Stereochemistry of Carbon 
Con5K>unds," (1962) by E. L. Eliel, McGraw Hill; LochmuUer, C. H., (1975) /. Chromatogr., 
1 13:(3) 283-302). Racemic mixtures of chiral con5>ounds of the invention can be separated 
and isolated by any suitable method, including: (1) formation of ionic, diastereomeric salts 
with chiral compounds and separation by fractional crystallization or other methods, (2) 
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fomiatioii of diastereomeric coiiopounds with chiral derivatizing reagents, separation of the 
diastereomers, and conversion to the pure stereoisomers, and (3) separation of the 
substantially pure or enriched stereoisomers directfy under chiral conditions. 

Under method (1), diastereomeric salts can be formed by reaction of enantiomerically 

5 pure chiral bases such as brucine, quinine, ephedrine, strychnine, a-methyl-^- 

phenylethylamine (amphetamine), and the like with asymmetric conq)ounds bearing acidic 
functionality, such as carboxylic acid and sulfonic acid The diastereomeric salts may be 
induced to separate by fractional crystallization or ionic chromatography. For separation of 
the optical isomers of amino compounds, addition of chiral carboxylic or sulfonic acids, such 

10 as camphorsulfonic acid, tartaric acid, mandelic acid, or lactic acid can result in formation of 

the diastereomeric salts. 

Alternatively, by method (2), the substrate to be resolved is reacted with one 
enantionaer of a chiral con5)ound to form a diastereomeric pair (EKel, E. 9nd Wilen, S. (1994) 
StftrftorhfttTiistr y nf O panic rnmpouTids. John Wiley & Sons, Inc., p. 322). Diastereomeric 

15 confounds can be formed by reacting asymmetric compounds with enantiomerically pure 
chiral derivatizing reagents, such as menthyl derivatives, followed by separation of the 
diastereomers and hydrolysis to yield the free, enantiomerically enriched xanthene. A 
method of determining optical purity involves making chiral esters, such as a menthyl ester, 
e.g. (-) menthyl chloroformate in the presence of base, or Mosher ester, a-methoxy-a- 

20 (trifluoromethyl)phenyl acetate (Jacob m. (1982) J. Org. Chem. 47:4165), of the racemic 
mixture, and analyzing the NMR spectrum for the presence of the two atropisomeric 
diastereomers. Stable diastereomers of atropisomeric conipounds can be separated and 
isolated by normal- and reverse-phase chronaatography following methods for separation of 
atropisomeric naphthyWsoqumoUnes (Hoye, T., WO 96/15111). By method (3), a racemic 

25 mixture of two enantiomers can be separated by chromatography using a chiral stationary 
phase (Chiral Liquid Cbromatographv (1989) W. J. Lough, Ed. Chapman and Hall, New 
York; Okamoto, (1990) J. of Chromatogr. 513:375-378). Enriched or purified enantiomers 

9 

can be distinguished by methods used to distinguish other chiral molecules with asymmetric 
carbon atoms, such as optical rotation and circular dichroisnL 
30 All literature and patent citations above are hereby expressly incorporated by 

reference at the locations of their citation* Specifically cited sections or pages of the above 
cited works are incorporated by reference with specificity. The invention has been described 
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in detail sufficient to allow one of ordinary skill in the art to make and use the subject matta: 
of the following Embodiments. It is apparent that certain modifications of the methods and 
conq)ositions of the following Embodiments can be made widun the scope and spirit of the 
invention. 

5 Examples General Section 

The following Examples refer to the Schemes. 

Some Exan^les have been performed muttiple times. In repeated Exan^les, reaction 
conditions such as time, tenq>erature, concentration and the like, and yields were within 
normal experimental ranges. In repeated Examples where significant modifications were 
10 made, these have been noted where the results varied significantly from those described. In 
Samples where different starting materials were used, these are noted. When the repeated 
Examples refer to a "corresponding" analog of a conq^ound, such as a "corresponding ethyl 
ester", this intends that an otherwise present group, in this case typically a methyl ester, is 
taken to be the same group modified as indicated. 

15 
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In a number of the following schemes, the tenn "etc" s^pears as a substituent on chemical 
structures and as a tenn within the schemes. When used in the charts, the term is defined for 
each chart When the term "etc" appears in a scheme and is not a substituent on a chemical 
structure, it means **and the like". 

5 

55a quinavir-like phosphonate protease in hibitors (SLPPD 
Preparation of the intermediate phosphonate esters. 

10 The structures of the intermediate phosphonate esters 1 tp 6, and the structures for the 
con5>onent groups R\ K* and of this invention are shown in Chart 1. 
The structures of the NHCH(R^)CONHR^ and R^XCaH[2Conq)onents are shown in Charts 2 
and 2a, and the stractures of the R^COOH conq>onents are shown in Charts 3a, 3b and 3c. 
Specific stereoisomers of some of the structures are shown in Charts 1, 2 and 3; however, all 

15 stereoisomers are utilized in the syntheses of the con^oimds 1 to 6. Subsequent chemical 
modifications to the confounds 1 to 6, as described herein, permit the synthesis of the final 
compounds of this invention. 

The intermediate coinpoimds 1 to 6 incorporate a phosphonate moiety (R^0)2P(0) connected 
to the nucleus by means of a variable linking group, designated as "link" in the attached 
20 stmctures. Charts 4 and 5 illustrate examples of the linking groups present in the structures 1 
- 5, and in which "etc" refers to the scaffold, e.g., saquinavir. 
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Chart 1 
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Chart 2 
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C21 C22 




C23 C24 



R'' = alkyi, CH2S02CH3,C(CH3)2S02CH3,CH2CONH2, CH2SCH3, imidaz-4-ylmethyl, 
CH2NHAC, CH2NHCC)CF3 
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Chart 4 Examples of the linking group between the scaffold and the phosphonate moiety. 
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Chart 5 Examples of the linking group between the scaffold and the phpsphonate moiety, 
link examples 




Schemes 1 - 69 fflustrate the syntheses of the intermediate phosphonate con5)ounds of this 
invention, 1- 4, and of the intennediate compounds necessary for their synthesis. The 
preparation of the phosphonate esters 5 and 6, in which the phosphonate moiety is 
incorporated into the groups R^CXJOH and R^NHCH(R^)CONHR^ are also described below. 

Protection of reactive sabstituents. 

Depending on the reaction conditions employed, it may be necessary to protect certain 
reactive substituents from unwanted reactions by protection before the sequence described, 
and to deprotect the substituents afterwards, according to the knowledge of one skilled in the 
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art Protection and deprotection of functional groups are described, for exan^le, in Protective 
Qroiips in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990. 
Reactive substituents which may be protected are shown in the acconopanying schemes as, for 
exan5)le, [OH], [SH]. 

5 

Preparation of the phosphonate intermediates 1. 

Scheme 1 illustrates one method for the preparation of the phosphonate esters 1.6 in which X 
is a direct bond. In this procedure, an amine NHaH(R^)CONHR'* 1.2 is reacted with an 

10 epoxide 1.1 to afford the aminoalcohol 13. The preparation of the epoxide 1.1 is described 
below, (Scheme 2) The preparation of aminoalcohols by reaction between an amine and an 
epoxide is described, for exaniq^le, in Advanced Organic Chemistry, by J. March, McGraw 
Hill, 1968, p 334. In a typical procedure, equimolar amounts of the reactants are combined in 
a polar solvent such as an alcohol or dimethylformamide and the like, at firom ambient to about 

15 100% for from 1 to 24 hours, to afford the product 13. The carbobenzyloxy protecting group 
is then removed. The removal of carbobenzyloxy protecting groups is described, for example, 
m Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second 
Edition 1990, p 335. The reaction can be effected by means of catalytic hydrogenation in the 
presence of hydrogen or a hydrogen donor, by reaction with a Lewis acid such as alu m i num 

20 chloride or boron tribromide, or by basic hydrolysis, for exanq)le en^loying barium hydroxide 
in an aqueous organic solvent mixture. Preferably, the protected amine 13 is converted into 
the free amine 1.4 by means of hydrogenation over 10% palladium on carbon catalyst in 
ethanol, as described in US Patent 5196438. The amine product 1.4 is then reacted with a 
carboxylic acid 1.5 to afford the amide 1.6. The coupling reaction of amines 1.4 and a 

25 carboxylic acid 1.5 can be effected under a variety of conditions, for example as described in 
Con5)rehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 972ff. The 
carboxylic acid can be activated by conversion to an imidazolide, mixed anhydride or active 
ester such as, for exan5)le, the ester with hydroxybenztiiazole or N-hydroxysuccinimide. 
Alternatively, the reactants can be combined in the presence of a carbodiimide, such as, for 

30 exanq>le, dicyclohexylcarbodiimide or diisopropylcarbodiimide, to afford the anaide product 
1.6. Preferably, equimolar amounts of the amine and the carboxylic acid are reacted in 
tetrahydrofiiran at ca. -10°, in the presence of dicyclohexylcarbodiimide, as described in 
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U.S. Patent 5.196,438. to afford the amide 1.6, The carboxylic acid 1^ en^loyed in the 
above reaction is obtained by means of the reaction between the substituted quinoline-2- 
carboxylic acid 1-7, in which the substituent A is either the groiq> link-P(0)(0R^)2 or a 
precursor groiq) thereto, such as [OH], [SH], Br, as described below, and an aminoacid 1.8. 

5. The reaction is performed under similar conditions to those described above for the 

preparation of the anodde 1.6. Preferably, the quinoline carboxylic acid 1.7 is reacted with N- 
hydroxy succininoide and a carbodiimide to afford the hydroxysuccinimide ester, which is then 
reacted with the aminoacid 1.8 in dimethylformamide at ambient temperature for 2-4 days, as 
described in U.S. Patent 5,196,438, to afford the amide product 1.5. The preparation of the 

10 substituted quinoline carboxylic acids 1.7 is described below. Schemes 24-27. 

Scheme 2 illustrates the preparation of the epoxides 1.1 used above in Scheme 1. The 
preparation of the epoxide 1.1 in which RIO is H is described in J. Med. Chem,, 1997, 40, 
3979. Analogs in which RIO is one of the substituents defined in Chart 2 are prepared as 

15 shown in Schenae 2. A substituted phenylalanine 2.1 is first converted into the 

benzyloxycarbonyl derivative 2.2. The preparation of benzyloxycarbonyl amines is described 
in Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second 
Edition 1990, p. 335. The aminoacid 2.1 is reacted with benzyl chloroformate or dibenzyl 
carbonate in the presence of a suitable base such as sodium carbonate or triethylamine, to 

20 afford the protected anaine product 2.2. The conversion of the carboxylic acid 2.2 into the 
epoxide 1.1 for example using the sequence of reactions which is described in J. Med. Chent, 
1994, 37, 1758, is then effected. The carboxylic acid is first converted into an activated 
derivative such as the acid chloride 23, ici which X is CI, for exarc^le by treatment with oxalyl 
chloride, or into a mixed carbonate, for exanq)le by treatment with isobutyl chloroformate, and 

25 the activated derivative thus obtained is reacted with ethereal diazomethane, to afford the 
diazoketone 2.4. The reaction is performed by the addition of a solution of the activated 
carboxylic acid derivative to an ethereal solution of three or noore molar equivalents of 
diazomethane at 0**C. The diazoketone is converted into the cUoroketone 2.5 by reaction 
with anhydrous hydrogen chloride, in a suitable solvent such as diethyl ether, as described in J. 

30 Med. Chem., 1997, 40, 3979. The latter conqpound is then reduced, for example by the use of 
an equimolar amount of sodium borohydride in an ethereal solvent such as tetrahydrofuran at 
O^C, to produce a mixture of chlorohydrins firom which the desired 2S, 3S diastereomer 2.6 is 
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separated by chromatography. The chlorohydrin 2.6 is then converted into the epoxide 1.1 by 
treatment with a base such as an alkali metal hydroxide in an alcoholic solvent, for exanq)le as 
described in J. Med. ChOTL, 1997, 40, 3979, Preferably, the compound 2.6 is reacted with 
etfaanolic potassium hydroxide at ambient tenqperature to afford the epoxide 1.1. 

5 

Scheme 3 iHustrates the preparation of the amine reactant R^NHCH(R^)CONHR* (1.2) 
en5)loyed above (Scheme 1), hi this procedure, the carboxylic acid R NHCH(R )COOH 3.1 
is first converted into the N-protected analog 3.2, for example by reaction with 
benzyloxychloroformate and triethylamme in tetrahydrofuran. The carboxyl group is then 
10 activated, for example by conversion to the acid chloride or a mixed anhydride, or by reaction 
with isobutyl cUoroformate, as described in Chimia, 50, 532, 1996 and in Synthesis, 1972, 
453, and the activated derivative is then reacted with the amine R'*NH2to produce the amide 
3.4. Deprotection, for example as described above, then affords the free amine 1.2. 

15 Scheme 4 depicts an alternative method for the preparation of the con^unds 1 in which X is 
a direct bond. In this procedure, a hydroxymethyl-substituted oxazolidinone 4.1 is converted 
into an activated derivative 4.2 which is then reacted with the amine R^NHCH(R^)CONHR* 
(1.2) to afford the amide 4.3. The preparation of the hydroxymethyl-substituted oxazolidinone 
4.1 is described below, (Scheme 5) The hydroxyl group can be converted into a bromo 

20 derivative, for exanq)le by reaction with triphenylphosphine and carbon tetrabromide, as 
described in J, Am. Cheia Soc., 92, 2139, 1970, or a methanesulfonyloxy derivative, by 
reaction with methanesulfonyl chloride and a base, or, preferably, into the 4- 
nitrobenzenesulfonyloxy derivative 4.2, by reaction in a solvent such as ethyl acetate or 
tetrahydrofuran, with 4-nitrdbenzene5ulfonyl chloride and a base such as tiiethylamine or N- 

25 methylmorpholine, as described in WO 9607642. The nosylate product 4.2 is then reacted 
with the amine component 1.2 to afford the displacement product 4.3. Equimolar amounts of 
the reactants are combiaed in an inert solvent such as dimethylformamide, acetonitrile or 
acetone, optionally in the presence of an organic or inorganic base such as triethylamine or 
sodium carbonate, at from about O'^C to 100°C to afford the amine product 43. Preferably, the 

30 reaction is performed in methyl isobutyl ketone at 80°C, in the presence of sodium carbonate, 
as described in WO 9607642. The oxazolidinone group preset in the product 43 is then 
hydrolyzed to afford the hydroxyamine 4.4. The hydrolysis reaction is effected in the presence 
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of aqueous solution of a base such as an alkali metal hydroxide, optionally in the presence of 
an organic co-solvent. Preferably, the oxazolidinone conq>ound 4.3 is reacted with aqueous 
ethanolic sodium hydroxide at reflux tenq>eratiire, as described in WO 9607642, to afford the 
amine 4.4. This product is then reacted with the carboxylic acid or activated derivative 
5 thereof, 1^, the preparation of which is described above, to afford the product 1.6. The 

amide-forming reaction is conducted under the same conditions as described above, (Scheme 

1) 

Scheme 5 depicts the preparation of the hydroxymethyl oxazolidinones 4.1, which are utilized 

10 in the preparation of the phosphonate esters 1, as described above in Schenoe 4. In this 

procedure, phenylalanine, or a substituted derivative thiereof, 2.1, in which R^^is as defined in 
Chart 2, is converted into the phthalimido derivative 5.1. The conversion of amines into 
phthalimido derivatives is described, for example, in Protective Groups in Organic Synthesis, 
by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 358. The amine is reacted 

1 5 with phthalic anhydride, 2-carboethoxyben2oyl chloride or N-carboethoxyphthalimide, 

optionally in the presence of a base such as triethylamine or sodium carbonate, to afford the 
protected amine 5.1. Preferably, the aminoacid is reacted with phthalic anhydride in toluene at 
reflux, to yield the phthalimido product. The carboxylic acid is then transformed into an 
activated derivative such as the acid chloride 5.2, in which X is CL The conversion of a 

20 carboxylic acid into the corresponding acid chloride can be effected by treatment of the 

carboxylic acid vsdth a reagent such as, for examqple, thionyl chloride or oxalyl chloride in an 
inert organic solvent such as dichloromethane, optionally in the presence of a catalytic amount 
of a tertiary amide such as dimethylformanodde. Preferably, the carboxylic acid is transformed 
into the acid chloride by reaction with oxalyl chloride and a catalytic amount of 

25 dimethylformandde, in toluene solution at ambient tenq>erature, as described in WO 9607642. 
The acid chloride 5.2, X = CI, is then converted into the aldehyde 5.3 by means of a reduction 
reaction. This procedure is described, for example, in Conqxrehensive Organic 
Transformations, by R. C. Larock, VCH, 1989, p. 620. The transformation can be effected by 
means of catatytic hydrogenation, a procedure which is referred to as the Rosemnund reaction, 

30 or by chemical reduction employing, for exanqxle, sodium borohydride, lithium aluminum tri- 
tertiarybutoxy hydride or triethylsilane. Preferably, the acid chloride 5 J X = CI, is 
hydrogenated in toluene solution over a 5% palladium on carbon catalyst, in the presence of 
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butylene oxide, as described in WO 9607642, to afford the aldehyde 5.3. The aldehyde S3 is 
then transfonned into the cyanohydrin derivative 5.4. The conversion of aldehydes into 
cyanohydrins is described in Protective Groups in Organic Synthesis, by T.W. Oteene and 
P.G.M Wuts, Wiley, Second Edition 1990, p. 211. For exan5)le, the aldehyde 5.3 is converted 

S into the cyanohydrin 5.4 by reaction with trimethylsiLyl cyanide in an inert solvent such as 
dichloromethane, followed by treatment with an organic acid such as dtric acid, as described 
in WO 9607642, or by alternative methods described therein. The cyanohydrin is Hxcn 
subjected to acidic hydrolysis, to effect conversion of the cyano group into the corresponding 
carboxy group, with concomitant hydrotysis of the phthalimido substituent to afford the 

10 aminoacid 5.5 The hydrolysis reactions are effected by the use of aqueous mineral acid. For 
exanq>le, the substrate 5.4 is reacted with aqueous hydrochloric acid at rejQux, as described in 
WO 9607642, to afford the carboxyUc acid product 5.5. The aminoacid is then converted into 
a carbamate, for example the ethyl carbamate 5.6. The conversion of anmies into carbamates 
is described in Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, 

15 Wiley, Second Edition 1990, p. 317. The amine is reacted with a cUoroformate, for example 
ethyl chloroformate, in the presence of a base such as potassium carbonate, to afford the 
carbamate 5.6, For example, the aminoacid 5.5 is reacted, ia aqueous solution, with ethyl 
chloroformate and sufficient aqueous sodium hydroxide to maintain a neutral pH, as described 
in WO 9607642, to afford the carbamate 5.6. The latter coiqpound is then transformed into 

20 the oxazolidinone 5.7, for exan^le by treatment with aqueous sodium hydroxide at ambient 
temperature, as described in WP 9607642. The resultant carboxylic acid is transfonned into 
the methyl ester 5.8 by means of a conventional esterification reaction. The conversion of 
carboxylic acids into esters is described for example, in Conqprehensive Organic 
. Transformations, by R. C. Larock, VCH, 1989, p. 966. The conversion can be effected by 

25 means of an acid-catalyzed reaction between the carboxylic acid and an alcohol, or by means 
of a base-catalyzed reaction between the carboxylic acid and an alkyl halide, for exarqple an 
alkyl bromide. For exanq>le, the carboxylic acid 5.7 is converted into the methyl ester 5.8 by 
treatmjMit with methanol at reflux tenqierature, in the presence of a catalytic amount of sulfuric 
acid, as described in WO 9607642. The carbomethoxyl group present in the compound 5.8 is 

30 then reduced to yield the corresponding carbinol 4.1. The reduction of carboxylic esters to the 
carbinols is described in Con^rehensrve Organic Transformations, by R. C. Larock, VCH, 
1989, p. 550. The transformation can be effected by the use of reducing agents such as 
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boraae^dimethylsulfide, litbium borohydride, diisobaQ^l ahmiinuin hydride, litbium a himinnm 
hydride and the like. For exsanplo, the ester 5.8 is reduced to the carbinol 4.1 by reaction with 
sodium borohydride in ethanol at ambient teiuperature, as described in WO 9607642. 
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Scheme 1 




R^" = H, OC2H5, OCH2C6H5. OCH2CH2morpholino, OCH2COmorpholino 
A = [OH], [SHI, [NH2], Br etc or link-P(0)(0R^)2 

Scheme 2 
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The procedures illustrated in Schemes 1 and 4 depict the preparation of the compounds 1.6 in 
which X is a direct bond, and in which the suhstituent A is either the group link-P(0)(0R^)2 or 
a precursor thereto, such as [OH], [SH] Br, as described below. Scheme 6 illustrates the 
conversion of con^wunds 1.6 in which A is a precursor to the group link-P(0)(0R^)2 into the 
compounds 1. Procedures for the conv^ion of the suhstituent A into the group link- 
P(0)(0R^)2 are illustrated below, (Schemes 24 - 69). In the procedures illustrated above. 
Schemes 1, 4 and in the procedures illustrated below (Schemes 24-69) for the preparation of 
the phosphonate esters 2-6, confounds in which the group A is a precursor to the group link- 
P(0)(0R^)2 may be converted into confounds in which A is link-P(0)(0R*)2 at any 
appropriate stage in the reaction sequence, or, as shown in Scheme 6, at the end of the 
sequence. The selection of an appropriate stage to effect the conversion of the group A into 
the group link-P(0)(0R^)2 is made after consideration of the nature of the reactions involved 
in the conversion, and the stability of the various components of the substrate to those 
conditions. 
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Scheme 7 
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SchemB 7 iQustrates the preparation of the compounds 1 m which the substituent X is S, and in 
which the group A is either the group link-P(0)(0R')2 or a precursor thereto, such as [OH], 
[SH] Br, as described below. 
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la this sequence, methanesulfonic acid 2-benzoyloxycarbonylarnmo-2-(2,2-diinethyl- 
[l,3]dioxolan-4-yl)-ethyl ester, 7.1, prepared as described in J. Org. Chem, 2000, 65, 1623, is 
reacted with a thiol R'^SH 7.2, as defined above, to afford the thioether 73. 
The reaction is conducted in a suitable solvent such as, for exan5>le, pyridine, DMF and the 

5 like, in the presence of an inorganic or organic base, at firom 0°C to 80**C, for from 1-12 
hours, to afford the thioether 7.3. Preferably the mesylate 7.1 is reacted with an equimolar 
amount of the thiol R'^SH, in a mixture of a water-immiscible organic solvent such as toluene, 
and water, in the presence of a phase-transfer catalyst such as, for example, tetrabutyl 
ammonium bromide, and an inorganic base such as sodium hydroxide, at about 50^C, to give 

10 the product 7.3. The 1,3-dioxolane protecting group present in the con5)ound 73 is then 
removed by acid catalyzed hydrolysis or by exchange with a reactive carbonyl compound to 
afford the diol 7.4. Methods for conversion of 1,3-dioxolanes to the corresponding diols are 
described in Protective Groups in Organic Synthesis, by T.W. Greene and F.GM Wuts, 
Second Edition 1990, p. 191. For example, the 1,3-dioxolane compound 7.3 is hydrolyzed by 

IS reaction with a catalytic amount of an acid in an aqueous organic solvent mixture. Preferably, 
the 1,3-dioxolane 7.3 is dissolved in aqueous methanol containing hydrochloric acid, and 
heated at ca. 50^C, to yield the product 7.4. 

The primary hydroxyl group of the diol 7.4 is then selectively acylated by reaction with an 
electron- withdrawing acyl halide such as, for example, pentafluorobenzoyl chloride or mono- 

20 or di-nitrobenzoyl chlorides. The reaction is conducted in an inert solvent such as 
dichloromethane and the like, in the presence of an inorganic or organic base. 
Preferably, equimolar amounts of the diol 7.4 and 4-nitrobenzoyl chloride are reacted in a 
solvent such as ethyl acetate, in the presence of a tertiary organic base such as 2*pico]ine, at 
ambient temperature, to afford the hydroxy ester 7.5. The hydroxy ester is next reacted with a 

25 sulfonyl chloride such as methanesulfonyl chloride, 4-toIuenesulfonyl chloiide and the like, in 
the presence of a base, in an aprotic polar solvent at low ten^erature, to afford the 
corresponding sulfonyl ester 7.6. Preferably, equimolar amounts of the carbinol 7.5 and 
methanesulfonyl chloride are reacted together in ethyl acetate containing triethylamine, at 
about 10°C, to yield the mesylate 7.6. The confound 7.6 is then subjected to a hydrolysis- 

30 cyclization reaction to afford the oxirane 7.7. The mesylate or analogous leaving group 

present in 7.6 is displaced by hydroxide ion, and the carbinol thus produced, without isolation, 
spontaneously transforms into the oxirane 7.7 with efimination of 4-nitrobenzoate. To effect 
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this transformation, the sutfonyl ester 7.6 is reacted with an alkali metal hydroxide or 
tetraalkylammoniimi hydroxide in an aqueous organic solvent. Preferably, the mesylate 7.6 is 
reacted with potassium hydroxide in aqueous dioxan at ambient tenqperature for about 1 hour, 
to afford the oxirane 7.7. 

5 The oxirane conq>ound 7.7 is then subjected to regiospecific ring-opening reaction by 
treatment with a secondary, amine 1.2, to give the aminoalcohol 7.8. The amine and the 
oxirane are reacted in a protic organic solvent, optionally in the additional presence of wat^, 
at O^C to 100°C, and in the presence of an inorganic base, for 1 to 12 hours, to give the 
product 7.8* Preferably, equimolar amounts of the reactants 7.7 and 1.2 are reacted in 

10 aqueous methanol at about 60^C ia the presence of potassium carbonate, for about 6 hours, to 
afford the aminoalcohol 7.8. The carbobenzyloxy (cbz) protecting group in the product 7.8 is 
removed to afford the free amine 7.9. Methods for removal of cbz groups are described, for 
exanqple, in Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, 
Second Edition, p. 335. The methods include catalytic hydrogenation and acidic or basic 

15 hydrolysis. 

For exan^le, the cbz-protected amiae 7.8 is reacted with an alkali metal or alkaline earth 
hydroxide in an aqueous organic or alcoholic solvent, to yield the free amine 7.9. Preferably, 
the cbz group is removed by the reaction of 7.8 with potassium hydroxide in an alcohol such 
as isopropanol at ca. 60°C to afford the amine 7.9. The amine 7.9 so obtained is next acylated 
20 with a carboxylic acid or activated derivative 1.5, using the conditions described above for the 
conversion of the amine 1.4 into the amide 1.6 (Scheme 1), to yield the final amide product 
7.10. 

Th& procedures illustrated in Scheme 7 depict the preparation of the confounds 1 in which X 
is S, and in which the substituent A is either tte group ]iDk-P(0)(0R^)2 or a precursor thereto, 
25 such as [OH], [SH] Br , as described below. Scheme 8 illustrates the conversion of 

compounds 7.10 in which A is a precursor to the group link-P(0)(0R^)2 into the compounds 
1. Procedures for the conversion of the substituent A into the group link-P(0)(0R^)2 are 
illustrated below, (Schemes 24 - 69). 

30 The reactions illustrated in Schemes 1-7 illustrate the preparation of the con5)ounds 1 in which 
A is either the group link-P(0)(0R^)2 or a precursor thereto, such as, for exan5)le, optionally 
protected OH, SH, NH , as described below. Scheme 8 depicts the conversion of the 
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con;)omids 1 in which A is OH, SH, NH , as described below, into the confounds 1 in which 
A is the group link-P(0)(0R^)2. Procedures for the conversion of the group A into the group 
link-P(0) )(OR^)2 are described below, (Schemes 24-69). 

In this and succeeding examples, the nature of the phosphonate ester group can be varied, 
5 either before or after incorporation into the scaffold, by means of chemical transformations. 
The transformations, and the methods by which they are accon^Iished, are described below, 
(Scheme 54) 

Preparation of the phosphonate intermediates 2. 

10 

Scheme 9 depicts the one method for the preparation of the compoimds 2 in which X is a 
direct bond, and in which the substituent A is either the group link-P(0)(0R^)2 or a precursor 
thereto, such as [OH], [SHJ Br, as described below. In this procedure, the hydroxymethyl 
oxazolidiaone 9.1, the preparation of which is described below, is converted into an activated 

15 derivative, for example the 4-nitrobenzenesulfonate 9.2. The conditions for this 

transformation are the same as those described above (Scheme 4) for the conversion of the 
carbinol 4.1 into the nosylate 4.2. The activated ester 9.2 is then reacted with the amine 1.2, 
under the same conditions as described above for the preparation of the amine 4.3 to afford 
the oxazolidinone amine 9.3. The oxazolidiaone group is then hydrolyzed by treatment with 

20 aqueous alcoholic base, to produce the primary amine 4.4. For example, the- oxazolidinone 
9.3 is reacted with aqueous ethanolic sodium hydroxide at reflux temperature, as described in 
WO 9607642, to afford the amine product 9.4. The latter coDq)ound is then coupled with the 
carboxyhc acid 9.6, to afford the amide 9.5; The conditions for the coupling reaction are the 
same as those described above for the preparation of the amide 1.6. 

25 The phosphonate esters 2-6 which incorporate the group CO derived formally from the 
carbo3?ylic acids depicted in Chart 2c contain a carbamate group. Various methods for the 
preparation of carbamates are described below, (Scheme 55) 

Scheme 10 illustrates an alternative method for the preparation of the coii5)Ounds 2 in which 
30 X is a direct bond, and in which the substituent A is either the group link-P(0)(0R^)2 or a 
precursor thereto, such as [OH], [SH] Br, as described below. In this procedure, the oxirane 
10.1, the preparation of which is described below, is reacted with the amine 1.2 to afford the 
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aminoalcohol 10.2. The reaction is conducted under the same conditions as are described 
above for the preparation of the aminoalcohol 13. (Scheme 1) The benzyloxycarbonyl 
protecting group is then removed from the product 10.2 to afford the free amine 103. The 
conditions for the debenzylation reaction are the same as those described above for the 
debenzylation of the con5)Ound 1.3. The amine 10.3 is then coupled with the carboxylic acid 
9.6 to produce the amide 9.5, enploying the same conditions as are described above (Scheme 

9). 

The procedures illustrated in Schemes 9 and 10 depict the preparation of the compounds 9.5 
in which the substituent A is either the group link-P(0)(0R^)2 or a precursor thereto, such as 
[OH], [SH] Br, as described below. Scheme 11 illustrates the conversion of coii5)ounds 9.5 in 
which A is a precursor to the group link-E(0)(OR^)2 into the compounds 2. Procedures for 
the conversion of the substituent A into the group Unk-P(0)(0R^)2 are illustrated below, 
(Schemes 24 -69). 

Schemes 12 and 13 depict the preparation of con5)ounds 2 in which X is sulfur. As shown in 
Scheme 12, a substituted thiophenol 12.2, in which the substituent A is eith^ the group link- 
P(0)(0R^)2 or a precursor thereto, such as [OH], [SH] Br, as described below, is reacted with 
methanesulfonic acid 2-benzyloxycarbonylamino-2-(2,2-dimethyl-[l,3]dioxolan-4-3d)-ethyl 
ester 12.1, the preparation of which is described in J. Org. Chem, 2000, 65, 1623, to afford 
the displacement product 12.3. The conditions for the reaction are the same as described 
above for the preparation of the thioether 73. Methods for the preparation of the substituted 
thiophenol 12.2 are described bdow. Schemes 35 - 44. The thioether product 123 is then 
transformed, using the series of reactions described above, Scheme 7, for the conversion of the 
thioether 7.3 into the amine 7.9- Hie conditions enq)loyed for this series of reactions are the 
same as those described above, (Scheme 7). The amine 12.4 is then reacted with the 
carboxylic acid or activated derivative thereof 9.6 to afford the amide 12.5. The conditions 
for the reaction are he same as those described above for the preparation of the amide 9.5. 

The procedures illustrated in Scheme 12 depict the preparation of the conq>ounds 12.5 in 
which the substituent A is either the group link-P(0)(OR^)2 or a precursor thereto, such as 
[OH], [SH] Br, as described below. Scheme 13 illustrates the conversion of conq>ounds 12.5 
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in which A is a precursor to the group ]ink-P(0)(0R^)2 into the conipounds 2. Procedures for 
the conversion of the substituent A into the group link-P(0)(0R^)2 are illustrated below, 
(Schemes 24 - 69). 
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Scheme 9 
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Scheme 12 
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Preparation of the phosphonate intermediates 3. 

Schemes 14-16 depict the preparation of the phosphonate esters 3 in which X is a direct bond. 
As shown in Scheme 14, the oxirane 1.1, the preparation of which is described above, is 
10 reacted with the amine 14.1 in which the substituent A is either the group link-P(0)(0R^)2 or a 
precursor thereto, such as [OH], [SH] Br, as described below, to yield the hydroxyamine 14.2. 
The conditions for the reaction are the same as described above for the preparation of the 
amine 1.3. Methods for the preparation of the amine 14.1 are described below. Schemes 45 - 
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48. The hydrojQ^amine product 14.2 is then deprotected to aff^ The 
conditions for the debenzylation reaction are the same as those described above for the 
preparation of the amine 1.4. (Scheme 1). The amine 143 is then coupled with the carboxylic 
acid or activated derivative thereof, 9.6, to afford the amide 14.4, using the conditions 
described above for the preparation of the amide 12.5. 

Scheme 15 illustrates an alternative method for the preparation of the phosphonate esters 14.4. 
In this reaction sequence, the 4-nitrobenzenesulfonate 4.2, the preparation of which is 
described above, (Scheme 4), is reacted with the amine 14.1, in which the substituent A is 
either the group lmk-P(0)(0R^)2 or a precursor thereto, such as [OH], [SH] Br, as described 
below, to yield the amine 15.1. The reaction is conducted under the same conditions as 
described above for the preparation of the amide 4.3. Tb& oxazolidine moiety present in the 
product is then removed, using the procedure described above for the conversion of the 
oxazolidine 4.3 into the hydroxyamine 4.4, to afford the hydroxyamine 15.2. The latter 
conq)ound is then coupled, as described above, with the carboxylic acid or activated derivative 
thereof, 9.6, to afford the amide 14;4. 

The procedures illustrated in Schemes 14 and 15 depict the preparation of the confounds 
14.4 in which the substituent A is either the group link-P(0)(0R^)2 or a precursor thereto, 
such as [OH], [SH] Br, as described below. Scheme 16 illustrates the conversion of 
compounds 14.4 in which A is a precursor to the group link-P(0)(0R^)2 into the con5)ounds 
3. Procedures for the conversion of the substituent A into the group link-P(0)(0R^)2 are 
illustrated below, (Schemes 24 - 69). 

Schemes 17 and 18 illustrates the preparation of the phosphonate esters 3 in which X is sulfur. 
As shown in Scheme 17, the oxirane 7.7, the preparation of which is described above, 
(Scheme 7) is reacted with the amine 14.1. The conditions for the ring-opening reaction are 
the same as those described above for the preparation of the aminoalcohol 7.8, (Scheme 7). 
The benzyloxycarbonyl protecting group is then removed to produce the free amine 17.2. The 
conditions for the deprotection reaction are the same as those described above for the 
conversion of the protected amine 7.8 to the amine 7.9 (Scheme 7) The amine product 17.2 is 
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then coupled with the carboxylic acid or activated dmvative thereof 9.6, using the same 
conditions as described above, to afford the amide 17.3. 

The procedures iUustrated in Scheme 17 depict the preparation of the conq>ound 17.3 in which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor thereto, such as [OH], 
[SH] Br. as described below. Scheme 18 illustrates the conversion of compounds 173 in 
which A is a precursor to the group ]ink-P(0)(0R^)2 into the compounds 3. Procedures for 
the conversion of the substituent A into the group link-P(0)(0R^)2 are iUustrated below, 
(Schemes 24 - 69). 
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Scheme 17 H M®, 




17.3 3 



S Preparation of the phosphonate intermediates 4. 

Scheme 19 illustrates one method for the preparation of the phosphonate esters 4 in which X 
is a direct bond. In this reaction sequence, the oxirane 1.1, the preparation of which is 
described above (Scheme 2) is reacted with the decahydroisoquinoline amine 19.1, in which 

10 the substituent A is either the group link-P(0)(0R^)2 or a precursor thereto, such as [OH], 

[SH] Br, as described below, to afford the aminoalcohol product 19.2. The conditions for the 
ring-opening reaction are the same as those described above for the preparation of the 
aminoalcohol 1.3. The preparation of the decahydroisoquinoline derivatives 19.1 is described 
below, (Schemes 48a - 52). The cbz protecting group is then removed to yield the free amine 

15 19.3, using the same conditions as described above for the preparation of the amine 1.4, 
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(Scheme 1). The amine 19.3 is then coupled with the carboxylic acid or activated derivative 
thereof, 9.6» using the same conditions as described above, to afford the amide 19.4. 

Scheme 20 illustrates an alternative method for the preparation of the phosphonate 
S intermediates 19.4. In this procedure, the 4-nitrobenzenesulfbnyl ester 4.2, the preparation of 
which is described above, (Scheme 4) is reacted with the decahydroisoquinohne derivative 
20.1, in which the substituent A is either the group link-P(0)(0R^)2 or a precursor thereto, 
such as [OH], [SH] Br, as described below. The reaction conditions for the displacement 
reaction are the samus as those described above for the preparation of the amine 43, (Scheme 
10 4). The oxazoMdinone moiety present in the product 20.2 is then hydrolyzed, using the 

procedinres described above (Scheme 4) to afford the free amine 203; This con^und is then 
coupled with the carboxyUc acid or activated derivative thereof,.9.6, using the same conditions 
as are described above, to ajfford the amide product 19.4. 

IS The procedures illustrated in Schemes 19 and 20 depict the preparation of the compounds 
19.4 'm which the substituent A is either the group link-P(0)(0R^)2 or a precursor thereto, 
such as [OH], [SH] Br, as described below. Scheme 21 illustrates the conversion of 
compounds 19.4 in which A is a precursor to the group link-P(0)(0R^)2 into the compounds 
4. Procedures for the conversion of the substituent A into the group liiik-P(0)(0R^)2 are 

20 lUusfrated below, (Schemes 24 - 69). 

Schemes 22 and 23 depict the preparation of the phosphonate esters 4 in which X is sulfur. 
As shown in Scheme 22, the oxirane 7.7, prepared as described above (Scheme 7) is reacted 
with the decahydroisoquinoline derivative 19.1, in which the substituent A is either the group 

25 Iink-P(0)(0R^)2 or a precursor thereto, such as [OH], [SH] Br, as described below. The 

reaction is conducted under the same conditions as described above for the preparation of the 
amine 7.8, (Scheme 7), to produce the hydroxyamine 22.1. The cbz protecting group present 
in the product 22.1 is then removed, using the same procedures as described above (Scheme 
7) to afford the free amine 22.2. This material is then coupled with the carboxylic acid or 

30 activated derivative thereof, 9.6 to yield the anoide 22.3. The coupling reaction is preformed 
under the same conditions as previously described. 
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The procedures iflustrated in Scheme 22 depict the preparation of the conopounds 223 in 
which the substituent A is either the group link-P(0)(OR% or a precursor thereto, such as 
[OH], [SH] Br, as described below* Scheme 23 illustrates the conversion of confounds 223 
in which A is a precursor to the group link-P(0)(0R^)2 into the confounds 4. Procedures for 
the conversion of the substituent A into the group link-P(0)(0R^)2 are illustrated below, 
(Schemes 24 - 69). 
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Prqiaration of quinolme 2-carboxjrlic acids 1.7 incorporating phosphonate moieties or 
precursors thereto. 

5 The reaction sequence depicted in Scheme 1 requires the use of a quinoline-2-carboxy]ic acid 
reactant 1.7 in which the substituent A is either the group Iink-P(0)(0R^)2 or a precursor 
thereto, such as [OH], [SH] Br. 

A number of suitably substituted quinoline-2-carboxylic acids are available commercially or 
are described in the chemical literature. For example, the preparations of 6-hydroxy, 6-ainino 

10 and 6-bromoquinoline-2-carboxy]ic acids are described respectively in DE 3004370, J. Het. 
Chem., 1989, 26, 929 and J. Labelled Comp. Radiopharm., 1998, 41, 1103, and the 
preparation of 7-aminoquinoline-2-carboxylic acid is described in J. Am. Chem. Soc, 1987, 
109, 620. Suitably substituted quinoline-2-carboxylic acids can also be prepared by 
procedures known to those skilled in the art. The synthesis of variously substituted quinolines 

15 is described, for example, in Chemistry of Heterocyclic Compoimds, Vol. 32, G. Jones, ed., 
Wiley, 1977, p. 93ff. Quinoline-2-carboxylic acids can be prepared by means of the 
Friedlander reaction, which is described in Chemistry of Heterocyclic Compounds, Vol. 4, R. 
C. Elderfileld, ed., Wiley, 1952, p. 204. 

20 Scheme 24 illustrates the preparation of quinoline-2-carboxylic acids by means of the 

Friedlander reaction, and further transformations of the products obtained. In this reaction 
sequence, a substituted 2-aininobenzaldehyde 24.1 is reacted with an alkyl pyruvate ester 24.2, 
in the presence of an organic or inorganic base, to afiford the substituted quinoline-2- 
carboxylic ester 24.3. Hydrolysis of the ester, for exanq>le by the use of aqueous base, then 

25 aflford the corresponding carboxylic acid 24.4. The carboxyhc acid product 24.4 in which X is 
NH2 can be further transformed into the corresponding conqpounds 24.6 in which Z is OH, SH 
or Br. The latter transformations are effected by means of a diazotization reaction. The 
conversion of aromatic amines into the corresponding phenols and bromides by means of a 
diazotization reaction is described respectively in Synthetic Organic Chemistry, R. B. Wagner, 

30 H. D. Zook, Wiley, 1953, pages 167 and 94; the conversion of amines into the corresponding 
thiols is described in Sulfur Lett, 2000, 24, 123. The amine is first converted into the 
diazonium salt by reaction with nitrous acid. The diazonium salt, preferably the diazonium 
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tetrafluoborate, is then heated in aqueous solution, for cxsaitple as described in Organic 
Functional Group Preparations, by S •R.Sandler and W. Karo, Academic Press, 1968, p. 83, to 
afford the corresponding phenol 24.6, X = OK Alternatively, the diazonium salt is reacted in 
aqueous solution with cuprous bromide and Uthium bromide, as described in Organic 
Functional Group Preparations, by S.R.Sandler and W. Karo, Academic Press, 1968. p. 138, 
to yield the corresponding bromo compound, 24.6, Y = Br. Alternatively, the diazonium 
tetrafhioborate is reacted in acetonitrile solution with a sulfhydryl ion exchange resin, as 
described in Sulfiir Lett., 200, 24, 123, to afford the thiol 24.6, Y = SH. Optionally, the 
diazotization reactions described above can be performed on the carboxylic esters 24.3 instead 
of the carboxylic acids 24.5. 

For example, 2,4-diaminobenzaldehyde 24.7 (Apin Chemicals) is reacted with one molar 
equivalent of methyl pyruvate 24.2 in methanol in the presence if a base such as piperidine, to 
afford methyl-7-aminoquinoline-2-carboxylate 24.8. Basic hydrolysis of the product, 
employing one molar equivalent of lithium hydroxide in aqueous methanol, then yields the 
carboxylic add 24.9. The amino-substituted carboxylic acid is then converted into the 
diazonium tetrafhioborate 24.10 by reaction with sodium nitrite and tetrafluoboric acid. The 
diazonium salt is heated in aqueous solution to afford the 7-hydroxyquinoline-2-carboxyUc 
acid, 24.11, Z = OH. Alternatively, the diazonium tetrafluoborate is heated in aqueous 
organic solution with one molar equivalent of cuprous bromide and lithium bromide, to afford 
7-bromoquinoline-2-carboxylic acid 24.11, X = Br. Alternatively, the diazonium 
tetrafluoborate 24.10 is reacted in acetonitrile solution with the sulfhydryl form of an ion 
exchange resin, as described in Sulfur Lett., 2000, 24, 123, to prepare 7-mercaptoquinoline-2- 
carboxylic acid 24.11, Z = SH. 

UsiDg the above procedures, but en^^loying, in place of 2,4-dianiinobenzaldehyde 24.7, 
different aminobenzaldehydes 24.1, the corresponding amino, hydroxy, bromo or mercapto- 
substituted quinoline-2-carboxylic acids 24.6 are obtained. The variously substituted quinoline 
carboxylic acids and esters can then be transformed, as described below, (Schemes 25 - 27) 
into phosphonate-containing derivatives. 

Scheme 25 depicts the preparation of quinoline-2-caiboxyMc acids incorporating a 
phosphonate moiety attached to the quinoline ring by means of an oxygen or a sulfiir atom. In 
this procedure, an anodno-substituted quinoline-2-carboxylate ester 25.1 is transformed, via a 
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diazotization procedure as described above (Scheme 24) into the corresponding phenol or 
thiol 25.2. The latter coiqpotind is then reacted with a dialkyl hydroxymethy^hosphonate 
2S3y under the conditions of the Mitsonobu reaction, to afford the phosphonate ester 25.4. 
The preparation of aromatic ethers by means of the Mitsonobu reaction is described, for 
5 exan5>le, in Comprehoisive Organic Transformations, by R. C. Larock, VCH, 1989, p. 448, 
and in Advanced Organic Qiemistry, Part B, by F.A. Carey and R. J. Sundberg, Plenum, 2001, 
p. 153-4. The phenol or thiophenol and the alcohol component are reacted together in an 
aprotic solvent such as, for exa2xq)le, tetrahydrofuran, in the presence of a dialkyl 
azodicarboxylate and a triarylphosphine, to afford the thioether products Basic 

10 hydrolysis of the ester group, for exaiiq>le enq)loy3ng one molar equivalent of lithium 
hydroxide in aqueous methanol, then yields the carboxyhc acid 25.6. 
For example, methyl 6-amino-2-quinoline carboxylate 25.7, prepared as described in J. Het. 
Chem., 1989, 26, 929, is converted, by means of the diazotization procedure described above, 
into methyl 6-mercaptoquinoline-2-carboxylate 25.8. This material is reacted with a diaUq^l 

15 hydroxymethylphosphonate 25.9 (Aldrich) in the presence of diethyl azodicarboxylate and 

triphenylphosphine ia tetrahydrofuran solution, to afford the thioether 25.10. Basic hydrolysis 
then afford the carboxyhc acid 25.11. 

Using the above procedures, but employing, in place of methyl 6-amino-2-quinoline 
carboxylate 25.7, different aminoquinoline carboxylic esters 25.1^ and/or different dialkyl 
20 hydrojQmethylphosphonates 25.9 the corresponding phosphnoate ester products 25.3 are 
obtained. 

Scheme 26 illustrates the preparation of quinoline-2-carboxylic acids incorporating 
phosphonate esters attached to the quinoline ring by means of a saturated or unsaturated 

25 carbon chain. In this reaction sequence, a bromo-substituted quinoline carboxylic ester 26.1 is 
coupled, by means of a palladium-catalyzed Heck reaction, with a dialkyl alkenylphosphonate 
26.2. The coupling of aryl halides with olefins by means of the Heck reaction is described, for 
example, in Advanced Organic Qieimstry, by F. A. Carey and R. J. Sundberg, Plenum, 2001, 
p. 503ff. The aryl bromide and the olefin are coupled in a polar solvent such as 

30 dimethylformamide or dioxan, in the presence of a palladium(0) catalyst such as 

tetraki5(triphenylphosphine)pa]ladiiun(0) or pa]ladium(II) catalyst such as palladium(n) 
acetate, and optionally in the presence of a base such as triethylamine or potassium carbonate. 
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Thus, Heck coupling of the bromo coixpound 26.1 and the olefin 26.2 affords the olefinic 
ester 263. Hydrolysis, for exanople by reaction with lithium hydroxide in aqueous methanol, 
or by treatment with porcine liver esterase, then yields the carboxylic add 26.4. Optionally, 
the unsaturated carboxylic acid 26.4 can be reduced to afford the saturated analog 26.5. The 
5 reduction reaction can be effected chenricafly, for exsanple by the use of diimide or diborane, 
as described in Comprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 5. 
For example, methyl 7-bromoguino]ine-2-carboxylate, 26.6, prepared as described in J. 
Labelled CoDcp. Radiophana, 1998, 41, 1103, is reacted in dimethylfonnamide at 60'C with a 
diallQrl vinylphosphonate 26.7 (Aldrich) in the presence of 2 mol% of 

10 tetrak]s(triphenylphosphine)pa]ladium and triethylanoine, to afford the coupled product 26.8. 
The product is then reacted with lithium hydroxide in aqueous tetrahydrofuran to produce the 
carboxylic acid 26.9. The latter compound is reacted with diimide, prepared by basic 
hydrolysis of diethyl azodicarboxylate, as described in Angew. ChenL Int. Ed., 4, 271, 1965, 
to yield the saturated product 26.10. 

15 Using the above procedures, but employing, in place of methyl 6-bromo-2- 

quinolinecarboxylate 26.6, different bromoquinoline carboxylic esters 26.1^ and/or different 
dialkyl alkenylphosphonates 26.2, the correspondiag phosphonate ester products 26.4 and 
26.5 are obtained. 

20 Scheme 27 depicts the preparation of quinoliQe-2-carboxylic acids 27.5 in which the 

phosphonate group is attached by means of a nitrogen atom and an alkylene chain. In this 
reaction sequence, a methyl aminoquinoline-2-carboxylate 27.1 is reacted with a phosphonate 
aldehyde 27.2 under reductive amination conditions, to afford the ancdnoalkyl product 273. 

The preparation of amines by means of reductive amdnation procedures is described, for 

» 

25 exarq)le, in Comprehensive Organic Transformations, by R. C. Larock, VCH, p 421, and in 
Advanced Organic Chemistry, Part B, by F.A. Carey and R. 3. Sundberg, Plenum, 2001, p, 
269. In this procedure, the amine component and the aldehyde or ketone component are 
reacted together in the presence of a reducing agent such as, for example, borane, sodium 
cyanoborohydride, sodium triacetoxyborohydride or diisobutylaluminmn hydride, optionally in 

30 the presence of a Lewis acid, such as titanium tetraisopropoxide, as described in J. Org. 

ChenL, 55, 2552, 1990. The ester product 27.4 is then hydrolyzed to yield the free carboxylic 
acid 27.5. 
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For oxamplt, methyl 7-anmoqiiino]ine-2-carbo?gdate 27.6, prepared as described in J. Amer. 
Chem. Soc., 1987, 109, 620, is reacted with a dialkyl formylmethylphosphonate 27.7 (Aurora) 
in iDcthanol solution in the presence of sodium borohydride, to afford the aScylated product 
27.8. The ester is then hydrofyzed, as described above, to yield the carboxylic acid 27.9. 
5 Using the above procedures, but enoploying, in place of the formyhnethyl phosphonate 27.2, 
different fomQdalkyl phosphonates, and/or different aminoquinolines 27.1, the corresponding 
products 27.5 are obtained. 
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Scheme 25 
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Preparation of phenylalanine derivatives 9.1 and 10*1 incorporating phosphonate 
moieties or precursors thereto. 

5 Scheme 28 iUustxates the preparation of the hydroxymethyl oxazolidine derivative 9.1, in 
which the substituent A is either the group link-P(0)(0R^)2 or a precursor thereto, such as 
[OH], [SH] Br. In this reaction sequence, the substituted phenylalanine 28.1, in which A is as 
defined above, is transformed, via the iatermediates 28,2-28.9, into the hydro^Qmethyl product 
9.1. The reaction conditions for each step in the sequence are the same as those described 
10 above for the corresponding step shown in Scheme 5. The conversion of the substituent A 
into the group liiik-P(0)(0R^)2 may be effected at any convenient step in the reaction 
sequence, or after the reactant 9.1 has been incorporated into the intermediates 9.5 (Scheme 
9). Specific exannples of the preparation of the hydroxymethyl oxazolidinone reactant 9.1 are 
shown below, (Schemes 30-31). 

15 

Scheme 29 iQustrates the preparation of the oxirane intermediate 10.1, in which the substituent 
A is either the group link-P(0)(0R^)2 or a precursor thereto, such as [OH], [SH] Br. In this 
reaction sequence, the substituted phenylalanine 29.1, in which A is as defined above, is 
transformed, via the intermediates 29.2-29.6, iato the oxirane 10.1. The reaction conditions 
20 for each step in the sequence are the same as those described above for the corresponding step 
shown in Scheme 2. The conversion of the substituent A into the group iink-P(0)(0R^)2 may 
be effected at any convenient step in the reaction sequence, or after the reactant 10.1 has been 
incorporated into the intermediates 9.5 (Scheme 10). Specific examples of the preparation of 
the oxiranes reactant 10.1 are shown below, (Schemes 32-34). 

25 

Scheme 30 depicts the preparation of hydroxymethyloxazolidinones 30.9 in which the 
phosphonate ester moiety is attached directly to the phenyl ring. In this procedure, a bromo- 
substituted phenylalanine 30.1 is converted, using the series of reactions illustrated in Scheme 
28, into the bromophenyloxazolidinone 30.2. The bromophenyl compound is then coupled, in 
30 the presence of a palladium (0) catalyst, with a dialkyl phosphite 30.3, to afford the 

phosphonate product 30.4. The reaction between aryl bromide and dialkyl phosphites to yield 
aryl phosphonates is described in Synthesis, 56, 1981, and in J. Med. Chem., 1992, 35, 1371. 
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Hie reaction is conducted in an inert solvent such as toluene or xylene, at about lOO^'C, in the 
presence of a paDadiuin(0) catafyst such as tetrakis(tripheny]phosphine)paIladium and a 
tertiary organic base such as triethylamine. The carbomethoxy substituent in the resultant 
phosphonate ester 30.4 is then reduced with sodium borohydride to the corresponding 
hydroxymethyl derivative 30.5, using the procedure described above (Scheme 28) 
For example, S-broroophenylalanine 30.6, prepared as described in Pept. Res., 1990, 3, 176, is 
converted, using the sequence of reactions shown in Scheme 28, into 4-(3-bromo-benzyl)~2- 
oxo-oxazoiidine-5-carboxylic acid methyl ester 30.7. This conq>ound is then coupled with a 
dialkyl phosphite 30.3, in toluene solution at refbx, in the presence of a catalytic amount of 
tetrakis(triphenylphosphine)palladium(0) and triethylamine, to afford the phosphonate ester 
30.8. The carbomethoxy substituent is then reduced with sodium borohydride, as described 
above, to afford the hydroxymethyl product 30.9. 

Using the above procedures, but employing, in place of 3-bromophenylalanine 30.6 different 
bromophenylalanines 30.1 and/or different dialkyl phosphites 30.3, the corresponding products 
30.5 are obtained. 

Scheme 31 illustrates the preparation of phosphonate-containing hydroxymethyl 
oxazolidinones 31.9 and 31.12 in which the phosphonate group is attached by means of a 
heteroatom and a carbon chain. In this sequence of reactions, a hydroxy or thio-substituted 
20 phenylalanine 31.1 is converted into the benzyl ester 31.2 by means of a conventional acid 
catalyzed esteriScation reaction. The hydroxyl or mercapto group is then protected. The 
protection of phenyl hydroxyl and thiol groups are described, respectively, in Protective 
Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, 
p. 10, and p. 277. For exaiiq)le, hydroxyl and thiol substituents can be protected as 
25 trialkylsilyloxy groups. Trialkylsilyl groups are introduced by the reaction of the phenol or 

thiophenol with a chlorotrialkylsflane and a base such as imidazole, for exarnple as described in 
Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second 
Edition 1990, p. 10, p. 68-86. Alternatively, thiol substituents can be protected by conversion 
to tert-butyl or adamantyl thioethers, or 4-methoxyben2yl thioethers, prepared by the reaction 
30 between the thiol and 4-methoxybenzyl chloride in the presence of anmoonium hydroxide, as 
described in BuH Chem. Soc. JpiL, 37, 433, 1974. The protected ester 313 is then reacted 
with phthalic anhydride, as described above (Scheme 28) to afford the phthalimide 31.4. The 



10 



15 
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benzyl ester is then removed, for exan5)le by catalytic hydrogenation or by treatment with 
aqueous base, to afford the carboxylic acid 31»5. This conq)ound is transformed, by means of 
the series of reactions shown in Scheme 28, into the carbomethoxy oxazolidinone 31.6, using 
in each step the same conditions as are described above (Scheme 28). The protected OH or 

5 SH group is then deprotected. Deprotection of phenols and thiophenols is described in 
Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second 
Edition 1990, p. For exanaple, trialkylsilyl ethers or thioethers can be deprotected by treatment 
with a tetraalkylammonium fluoride in an inert solvent such as tetrahydrofuran, as described in 
J. Am Chem. Soc, 94, 6190, 1972. Tert-butyl or adamantyl thioethers can be converted into 

10 the corresponding thiols by treatment with mercuric trifluoroacetate in aqueous acetic acid at 
ambient temperatures, as described in Chem. Pharm. Bull, 26, 1576, 1978. The resultant 
phenol or thiol 31.7 is then reacted with a hydroxyalkyl phosphonate 31.20 under the 
conditions of the Mitsonobu reaction, as described above (Scheme 25), to afford the ether or 
thioether 31.8. The latter compound is then reduced with sodium borohydride, as described 

15 above (Scheme 28) to afford the hydroxymethyl analog 31.9. 

Alternatively, the phenol or thiophenol 31.7 is reacted with a dialkyl bromoalkyl phosphonate 
31.10 to afford the aUcylation product 31.11. The alkylation reaction is preformed in a polar 
organic solvent such as dimethylfomiamide, acetonitrile and the like, optionally in the presence 
of potassimn iodide, and in the presence of an inorganic base such as potassium or cesiom 

20 carbonate, or an organic base such as diazabicyclononene or dimethylaminopyridine. The ether 
or thioether product is then reduced with sodium borohydride to afford the hydroxymethyl 
conq)ound 31.12. 

For exanople, 3-hydroxyphenylalanine 31,13 (Fkika) is converted in to the benzyl ester 31.14 
by means of a conventional acid-catalyzed esteri&cation reaction. The ester is then reacted 

25 with tert-butylchlorodimethylsilane and imidazole in dimethylformamide, to afford the silyl 
ether 31.15. The protected ether is then reacted with phthalic anhydride, as described above 
(Scheme 28) to yield the phthalinoido-protected confound 31.16. Basic hydrolysis, for 
example by reaction with lithium hydroxide in aqueous methanol, then affords the carboxylic 
acid 31.17. This compound is then transformed, by means of the series of reactions shown in 

30 Scheme 28, into the carbomethoxy-substituted oxazolidinone 31.18. The sflyl protecting 
group is then removed by treatment with tetrabutylammonium fluoride in tetrahydrofuran at 
ambient temperature, to produce the phenol 31.19. The latter confound is reacted with a 
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dialkyl hyckoxytnethyl phosphonate 31.20 diethylazodicarboxylate and triphenylphospbine, by 
means of the Mitsonobu reaction, as described above (Scheme 25) to yield the phenolic ether 
31.21. The carbomethoxy group is then reduced by reaction with sodium borohydride, as 
described above, to afford the carbinol 31.22. 
5 Using the above procedures, but eniploying, in place of 3-hydroxyphenyIalanine 31.13, 
different hydroxy or mercapto-substituted phenylalanines 31.1, and/or different dialkyl 
hydroxyalkyl phosphonates 31.20, the corresponding products 31.9 are obtained. 
As a further example of the methods illustrated ia Scheme 31, 4-mercaptophenylalanine 31.23, 
prepared as described in J. Amer. Chem. Soc, 1997, 119, 7173, is converted into the benzyl 

10 ester 31.24 by means of a conventional acid-catalyzed esterification reaction. The mercapto 
group is then protected by conversion to the S-adamantyl group, by reaction with 1- 
adamantanol and trifluoroacetic acid at ambient tenq)erature as described in Chem. Pharm. 
Bull., 26, 1576, 1978. The amino group is then converted into the phthalimido group as 
described above, and the ester moiety is hydrolyzed with aqueous base to afford the carboxylic 

IS acid 31.27. The latter confound is then transformed, by means of the series of reactions 

shown in Scheme 28, into the carbomethoxy oxazolidinone 31.28. The adamantyl protecting 
group is then removed by treatment of the thioether 31*28 with mercuric acetate in 
trifluoroacetic acid at CC, as described in Chem. Pharm. Bull., 26,- 1576, 1978, to produce the 
thiol 31.29. The thiol is then reacted with one molar equivalent of a diallq^l 

20 bromoethylphosphonate 31.30, (Aldrich) and cesium carbonate in dimethylformamide at 70" C, 
to afford the thioether product 31.31. The carbomethoxy group is then reduced with sodium 
borohydride, as described above, to prepare the carbinol 31.32. 

Using the above procedures, but employing, in place of 4-niercaptophenylalanine 3U3, 
different hydroxy or mercapto-substituted phenylalaiunes 31.10, and/or different dialkyl 
25 bromoalkyl phosphonates 31.10, the corresponding products 31.12 are obtained. 

Scheme 32 illustrates the preparation of phenylalanine derivatives 32.3 in which the 
phosphonate group is attached directly to the phenyl ring. In this procedure, a bromo- 
substituted phenylalanine 32.1 is converted, by means of the series of reactions shown in 
30 Scheme 29 into the oxirane 32.2. This compound is then coupled with a dialkyl phosphite 

30.3, in the presence of a palladium(0) catalyst and an organic base, to afford the phosphonate 
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oxirane 32.3. The coupling reaction is performed under the same conditions previously 
described, (Scheme 30). 

For example, 3-bromophenylalanine 32,4, prepared as described in Pept. Res., 1990, 3, 176, is 
converted, as described above, into the oxirane 32.5. This compound is reacted, in toluene 
5 solution at reflux temperature, with a dialkyl phosphonate 30.3, ioi the presence of 

tetrakis(triphenylphospbine)palladium(0) and triethylamine to afford the phosphonate ester 
32.6. 

Using the above procedures, but enq)loyiQg, in place of 4-bromophenylalanine 32.4, different 
bromo-substituted phenylalanines 32.1, and/or different dialkyl phosphites 303, the 
10 corresponding products 323 are obtained. 

Scheme 33 depicts the preparation of compounds 33.4 in which the phosphonate group is 
attached to the phenyl ring by means of a styrene moiety. In this reaction sequence, a vinyl- 
substituted phenylalanine 33.1 is converted, by means of the series of reactions shown in 
15 Scheme 29, into the oxirane 33.2. This compound is then coupled with a dialkyl 

bromophenylphosphonate 333, employiQg the conditions of the Heck reaction, as described 
above (Scheme 26) to afford the coupled product 33.4. 

For example, 4-vinylphenylalanine 33.5, prepared as described in EP 206460, is converted, as 
described above, into the oxirane 33.6. This compound is then coupled with a dialkyl 4- 
20 bromophenylphosphonate 33.7, prepared as described in J. Chem. Soc. Perkin Trans., 1977, 2, 
789, using tetrakis(triphenylphosphine)pa]ladium(0) as catalyst, to yield the phosphonate ester 
33.8. 

Using the above procedures, but employing, in place of 4-vinylphenylalanine 33.5, different 
vinyl-substituted phenylalanines 33.1, and/or diferent dialkyl bromophenylphosphonates 33.3, 

* 

25 the corresponding, products 33.4 are obtained. 

Scheme 34 depicts the preparation of phosphonate-substituted phenylalanine derivatives in 
which the phosphonate moiety is attached by means of an alkylene chain incorporating a 
heteroatom. Li this procedure, a hydroxymethyl-substituted phenylalanine 34.1 is converted 
30 into the cbz protected methyl ester 34.2, using the procedures described above (Scheme 29). 
The product 34.2 is then converted into a halomethyl-substituted corqpound 34.3, For 
example, the carbinol 34.2 is treated with triphenylphosphine and carbon tetrabromide, as 
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described in J. Amer. Chem. Soc, 108, 1035, 1986 to afford the product 34.3 in which Z is 
Bn The bromo con^und is then reacted with a dialkyi tenninaUy hetero-substituted 
alkylphosphonate 34.4. The reaction is accon^lished in the presence of a base, the nature of 
which depends on the nature of the substituent X. For example, if X is SH, NH2 or NHalkyl, 
5 an inorganic base such as cesium carbonate, or an organic base such as diazabicyclononene or 
dinoethylaminopyridine, can be encqployed. If X is OH, a strong base such as hthium 
hexamethyldisilylazide or the like can be employed. The condensation reaction affords the 
phosphonate-substituted ester 34.5, which is hydrolyzed to afford the carboxylic acid 34.6. 
Tlie latter compoimd is then, by means of the sequence of reactions shown in Scheme 29, is 

10 transformed into the epoxide 34.7. 

For exaiBple, the protected 4-hydroxymethyl-substituted phenylalanine derivative 34.9, 
obtained ff om the 4-hydroxymethyl phenylalanine 34.8, the preparation of which is described 
in Syn. Conm., 1998, 28, 4279, is converted into the bromo derivative 34.10, as described 
above. The product is then reacted with a dialkyi 2-aininoethyl phosphonate 34.11, the 

15 preparation of which is described in J. Org. ChenL, 2000, 65, 676, in the presence of cesium 
carbonate in dimethylformamide at ambient tenoperature, to afford the aroine product 34.12. 
The latter compound is then converted, using the sequence of reactions shown in Scheme 29, 
into the epoxide 34.14. 

Using the above procedures, but enoploying different carbinols 34.1 in place of the carbinol 
20 34.8, and/or different phosphonates 34.4, the corresponding products 34.7 are obtained. 
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Scheme 30 
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Scheme 31 
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Scheme 31 Example 1 
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Scheme 32 
Method 
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Scheme 34 
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Preparation of thiophenols 12.2 incorporating phosphonate groups. 

Scheme 35 illustrates the preparation of tliiophenols in which a phosphonate moiety is 
attached directly to the aromatic ring. In this procedure, a halo-substituted thiophenoi 35.1 is 

5 subjected to a suitable protection procedure. The protection of thiophenok is described, for 
exan:5)le, in Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, 
Second Edition 1990, p 277ffl The protected con5)ound 35.2 is then coupled, under the 
influence of a transition metal catalyst, with a dialkyl phosphite 30.3, to afford the product 
35.3. The product is then deprotected to afford the free thiophenoi 35.4. Suitable protecting 

10 groups for this procedure include alkyl groups such as triphenyhnethyl and the hke. Fafladium 
(0) catalysts are enployed, and the reaction is conducted in an inert solvent such as benzene, 
tohiene and the like, as described in J. Med. Chem., 35, 1371, 1992. Preferably, the 3- 
bromothiophenol 35.5 is protected by conversion to the 9-fluorenylmethyl derivative 35.6, as 
described in Protective Groups in Organic Synthesis, by T. W. Greene and P.G.M. Wuts, 

15 Wiley, 1991, pp. 284, and the product is reacted in toluene with a dialkyl phosphite in the 
presence of tetrakis(triphenylphosphine)pafladium (0) and triethylanoine, to yield the product 
35.7. Deprotection, for example by treatment with aqueous ammonia in the presence of an 
organic co-solvent, as described in J. Chera. Soc. ChenL Comm. 1501, 1986, then gives the 
thiol 35.8. 

20 Using the above procedures, but employing, in place of the bromo compound 35.5, different 
bromo compounds 35.2, and/or different phosphonates 303, there are obtained the 
corresponding thiols 35.4. 

Scheme 36 iDustrates an alternative method for obtaining thiophenols with a directly attached 
25 phosphonate group. In this procedure, a suitably protected halo-substituted thiophenoi 36.2 is 
metallated, for exancple by reaction with magnesium or by transc^etallation with an 
alkyllithium reagent, to afford the metallated derivative 363. The latter confound is reacted 
with a halodialkyl phosphate 36.4, followed by deprotection as described previously, to afford 
the product 36.5. 

30 For exan5)le, 4-bromothiophenol 36.7 is converted into the S-triphenyhnethyl (trityl) 

derivative 36.8, as described in Protective Groups in Organic Synthesis, by T. W. Greene and 
P.G.M, Wuts, Wiley, 1991, pp. 287. The product is converted into the lithium derivative 36.9 
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by reaction with butyffithiim in an ethereal solvent at low temperature, and the resulting Kthio 
compound is reacted with a dialkyl chlorodiethyl phosphite 36.10 to afford the phosphonate 
36.11. Removal of the trityl group, for example by treatment with dilute hydrochloric acid in 
acetic acid, as described in J. Org. Chem., 31, 1118, 1966, then affords the thiol 36.12. 
Using the above procedures, but enq)loying, in place of the bromo confound 36.7, different 
halo con?)ounds 36.2, and/or different halo dialkyl phosphites 36.4, there are obtained the 
corresponding thiols 36.6. 

Scheme 37 illustrates the preparation of phosphonate-substituted thiophenols in which the 
phosphonate group is attached by means of a one-carbon link. In this procedure, a suitably 
protected methyl-substituted thiophenol 37.1 is subjected to free-radical bromination to afford 
a bromomethyl product 37.1a. This compound is reacted with a sodium diallq^l phosphite 
37.2 or a trialkyl phosphite, to give the displacement or rearrangement product 37.3, which 
upon deprotection affords the thiophenols 37.4. 

For example, 2-methylthiophenol 37.5 is protected by conversion to the benzoyl derivative 
37.6, as described in Protective Groups in Organic Synthesis, by T. W. Greene and P.G.M. 
Wuts, Wiley, 1991, pp. 298. The product is reacted with N-bromosuccinimide in ethyl acetate 
to yield the bromomethyl product 37.7. This material is reacted with a sodium dialkyl 
phosphite 37.2, as described in J. Med. Chem., 35. 1371, 1992, to afford the product 37.8. 
Alternatively, the bromomethyl conopound 37.7 can be converted into the phosphonate 37.8 
by means of the Arbuzov reaction, for example as described in Handb. Organophosphorus 
Chem., 1992, 115. In this procedure, the bromomethyl compound 37.7 is heated with a 
trialkyl phosphate P(OR*)3 at ca. lOO^C to produce the phosphonate 37.8. Deprotection of 
37.8, for exan5)le by treatnoent with aqueous ammonia, as described in J. Amer. Cheno. Soc, 
85, 1337, 1963, then affords the thiol 37.9. 

Using the above procedures, but enq)loying, m place of the bromomethyl compound 37.7, 
different bromomethyl compounds 37.2, there are obtained the correspondmg thiols 37.4. 

Scheme 38 illustrates the preparation of thiophenols bearing a phosphonate group linked to 
the phenyl nucleus by oxygen or sulfur. In this procedure, a suitably protected hydroxy or 
thio-substituted thiophenol 38.1 is reacted with a dialkyl hydroxyalkylphosphonate 38.2 under 
the conditions of the Mitsonobu reaction, for exanq?le as described in Org. React., 1992, 42, 
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335, to sBord the coupled product 383. Deprotection then yields the O- or S-linked products 
38.4. 

Fbr exaii5>le, the substrate 3-hydroxythiophenol, 38.5, is converted into the monotrityl ether 
38.6, by reaction with one equivalent of trityl chloride, as described above. This compound is 
reacted with diethyl azodicaiboxyiate. triphenyl phosphine and a dialkyl l-hydroxymethyl 
phosphonate 38.7 in benzene, as described in Synthesis, 4, 327. 1998, to afford the ether 
compound 38.8. Removal of the trityl protecting group, as described above, then affords the 
thiophenol 38.9. 

Using the above procedures, but employing, in place of the phenol 38.5, different phenols or 
thiophenols 38.1, and /or different phosphonates 38.2, there are obtained the corresponding 
thiols 38.4. 

Scheme 39 ilhistrates the preparation of thiophenols 39.4 bearing a phosphonate group linked 
to the phaiyl nucleus by oxygen. suMiir or nitrogen. In this procedure, a suitably protected O. 
S or N-substituted thiophenol 39.1 is reacted with an activated ester, for example the 
trifluoromethanesulfonate 39.2, of a dialkyl hydroxyalkyl phosphonate. to afford the coupled 
product 393. Deprotection then affords the thiol 39.4. 

For example, 4-methylaminothiophenol 39.5, is reacted with one equivalent of acetyl chloride, 
as described in Protective Groups in Organic Synthesis, by T. W. Greene and P.G.M. Wuts. 
Wiley, 1991, pp. 298, to afford the product 39.6. This material is then reacted with, for 
example, a dialkyl trifluoromethanesulfonyhnethyl phosphonate 39.7, the preparation of which 
is described in Tet Lett., 1986, 27, 1477, to afford the displacement product 39.8. Preferably, 
equimolar amounts of the phosphonate 39.7 and the amine 39.6 are reacted together in an 
aprotic solvent such as dichloromethane. in the presence of a base such as 2,6-lutidine, at 
ambient temperatures, to afford the phosphonate product 39.8. Deprotection, for example by 
treatment with dihite aqueous sodium hydroxide for two minutes, as described m J. Amer. 
Chem. Soc, 85, 1337, 1963, then affords the thiophenol 39.9. 

Using the above procedures, but employing, in place of the thioamine 39.5, different phenols, 
thiophenols or amines 39.1, and/or different phosphonates 39.2, there are obtained the 
corresponding products 39.4. 

Scheme 40 illustrates the preparation of phosphonate esters linked to a thiophenol nucleus by 
means of a heteroatom and a multiple-carbon chain, employing a nucleophiii6 displacement 

reaction on a dialkyl bromoalkyl phosphonate 40.2. In this procedure, a suitably protected 
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hydroxy, thio or amino substituted thiophenol 40.1 is reacted with a dialkyl bromoalkyl 
phosphonate 40.2 to afford the product 40.3. Deprotection then affords the free thiophenol 
40.4. 

For example, 3-hydroxythiophenol 40.5 is converted into the S-trityl con5>ound 40.6, as 
5 described above. This compound is then reacted with, for exan5)le, a dialkyl 4-bromobutyl 
phosphonate 40.7, the synthesis of which is described in Synthesis, 1994, 9, 909. The reaction 
is conducted in a dipolar aprotic solvent, for example dimethylformamide, in the presence of a 
base such as potassium carbonate, and optionally in the presence of a catalytic amount of 
potassium iodide, at about 50°C to yield tiie ether product 40.8. Deprotection, as described 
10 above, then affords the thiol 40.9. 

Using the above procedures, but en5)loying, in place of the phenol 40.5, different phenols, 
thiophenols or amines 40.1, and/or different phosphonates 40.2, there are obtained the 
corresponding products 40.4. ; 

15 Scheme 41 depicts the preparation of phosphonate esters linked to a thiophenol nucleus by 
means of unsaturated and saturated carbon chains. The carbon chain linkage is formed by 
means of a palladium catalyzed Heck reaction, in which an olefinic phosphonate 41.2 is 
coupled with an aromatic bromo con?)ound 41.1. Deprotection, or hydrogenation of the 
double bond followed by deprotection, affords respectively the unsaturated phosphonate 41.4, 

20 or the saturated analog 41.6. 

For exan5)le, 3-hroiiK)thiophenol is converted into the S-Fm derivative 41.7, as described 
above, and this compound is reacted with diethyl 1-butenyl phosphonate 41.8, the preparation 
of which is described in J. Med. OienL, 1996, 39, 949, in the presence of a palladium (H) 
catalyst, for exan?>le, bis(triphenylphosphine) palladium (H) chloride, as described in J. Med. 

25 Chem, 1992, 35, 1371. The reaction is conducted in an aprotic dipolar solvent such as, for 
example, dimethylformamide, in the presence of triethylamine, at about 100°C to afford the 
coupled product 41.9. Deprotection, as described above, then affords the thiol 41.10. 
Optionally, the initialfy formed unsaturated phosphonate 41.9 can be subjected to catalytic 
hydrogenation, using, for exan:5)le, palladium on carbon as catalyst, to yield the saturated 

30 product 41.11, which upon deprotection affords the thiol 41.12. 
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Using the above procedures, but employing, in place of the bromo coiqpound 41.7, different 
hromo con5)ounds 41.1, and/or different phosphonates 41.2, there are obtained the 
corresponding products 41.4 and 41.6 

Scheme 42 illustrates the preparation of an aryl-linked phosphonate ester 42.4 by means of a 
paDadiumCO) or palladium(II) catalyzed coupling reaction between a hromobenzene and a 
phenylboronic acid, as described in Comprehensive Organic Transformations, by R. C. Larock, 
VCH, 1989, p. 57. The sulfur-substituted phenylboronic acid 42.1 is obtained by means of a 
metaHation-boronation sequence applied to a protected bromo-substituted thiophenol. for 
example as described in L Org. Chem., 49, 5237, 1984. A coupling reaction then affords the 
diaryl product 423 which is deprotected to yield the thiol 42.4. 

For exanq)le, protection of 4-bromothiophenol by reaction with tert-butylchlorodimethylsilane, 
in the presence of a base such as imidazole, as described in Protective Groups in Organic 
Synthesis, by T. W. Greene and P.GJM. Wuts, Wiley, 1991, p. 297, followed by metaflation 
with butyllithium and boronation, as described in J. Organomet. Chem., 1999, 581, 82, affords 
the boronate 42.5. This material is reacted with diethyl 4-bromophenylphosphonate 42.6, the 
preparation of which is described in J. Chem. Soc, Perkin Trans., 1977, 2, 789, in the 
presence of tetrakis(triphenylphosphine) palladium (0) and an inorganic base such as sodium 
carbonate, to afford the coupled product 42.7. Deprotection, for example by the use of 
tetrabutylammonium fluoride in anhydrous tetrahydrofiiran, then yields the thiol 42.8. 
Using the above procedures, but employing, in place of the boronate 42.5, different boronates 
42.1, and/or different phosphonates 42.2, there are obtained the corresponding products 42.4. 

Scheme 43 depicts the preparation of dialkyl phosphonates in which the phosphonate moiety is 
linked to the thiophenyl group by means of a chain which incorporates an aromatic or 
heteroaromatic ring. In this procedure, a suitably protected O, S or N-substituted thiophenol 
43.1 is reacted with a dialkyl bromomethyl-substituted aryl or heteroarylphosphonate 43.2, 
prepared, for example, by means of an Arbuzov reaction between equimolar amounts of a 
bis(bromo-methyl) substituted aromatic compound and a trialkyl phosphite. The reaction 
product 43.3 is then deprotected to afford the thiol 43.4. For.exan5)le, 1,4- 
dimercaptobenzene is converted into the monobenzoyl ester 43.5 by reaction with one molar 
equivalent of benzoyl chloride, in the presence of a base such as pyridine. The monoprotected 
thiol 43^ is then reacted with, for example diethyl 4-(bromomethyl)phenylphosphonate, 43.6, 

-312- 



wo 03/090690 PCTAJS03/12901 

the preparation of which is described in Tetxahedron, 1998, 54, 934L The reaction is 
conducted in a solvent such as dimethylformamide, in the presence of a base such as potassiom 
carbonate, at about 50'C. The thioether product 43.7 thus obtained is deprotected, as 
described above, to afford the thiol 43.8. 

Using the above procedures, but employing, in place of the thiophenol 43.5, difGKrent phenols, 
thiophenols or amines 43.1, and/or different phosphonates 43.2, th^e are obtained the 
corresponding products 43.4. 

Scheme 44 illustrates the preparation of phosphonate-containing thiophenols in which the 
attached phosphonate chain forms a ring with the thiophenol moiety. 

In this procedure, a suitably protected thiophenol 44.1, for example an indoline (in which X- Y 
is (CH2)2), an indole (X-Y is CH=CH) or a tetrahydroquinoline (X-Y is (CH2)3) is reacted 
with a dialkyl trifluoromethanesulfonyloxymethyl phosphonate 44.2, in the presence of an 
organic or inorganic base, in a polar aprotic solvent such as, for example, dimethylformamide, 
to afford the phosphonate ester 44.3. D^rotection, as described above, then affords the thiol 
44 A The preparation of thio-substitutedindolines is described in EP 209751. Thio- 
substituted indoles, indolines and tetrahydroquinolines can also be obtained from the 
corresponding hydroxy-substituted con5)ounds, for exan?)le by thermal rearrangement of the 
dimethylthiocarbamoyl esters, as described in J. Org. Chem., 31, 3980, 1966. The preparation 
of hydroxy-substituted indoles is described in Syn., 1994, 10, 1018; preparation of hydroxy- 
substituted indolines is described in Tet. Lett., 1986, 27, 4565, and the preparation of 
hydroxy-substituted tetrahydroquinolines is described in J. Het. Chem., 1991, 28, 1517, and in 
J. Med. Chem., 1979, 22, 599. Thio-substituted indoles, indolines and tetrahydroquinolines 
can also be obtained from the corresponding amino and bromo con5)ounds, respectively by 
diazotization, as described in SuMur Letters, 2000, 24, 123, or by reaction of the derived 
organolithium or magnesium derivative with sulfiir, as described in Con5>rehensive Organic ^ . 
Functional Group Preparations, A. R. Katritzky et al, eds, Pergamon, 1995, VoL 2, p 707. 
For example, 2,3-dihydro-lH-indole-5-thiol, 44.5, the preparation of which is described in EP 
209751, is converted into the benzoyl ester 44.6, as described above, and the ester is then 
reacted with the triflate 44.7, using the conditions described above for the preparation of 39.8, 
(Scheme 39, to yield the phosphonate 44.8. Depfotection, for example by reaction with dilute 
aqueous amTTinnia^ as described above, then affords the thiol 44.9. 
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Using the above procedures, but employing, in place of the thiol 44^, diferent thiols 44.1, 
and/or differrait triflates 44.2, there are obtained the conreqionding products 44.4. 
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Scheme 37 
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Scheme 44 
Method 
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Preparation of tert-butylamine derivatiiTes incorporating phosplionate groups. 

5 

Scheme 45 describes the preparation of tert-butylamines in which the phosphonate nmiety is 
directly attached to the tert-butyl group. A suitably protected 2.2-dimethyl-2-aminoethyl 
bromide 45.1 is reacted with a trialkyl phosphite 45.2, under the conditions of the Arbuzov 
reaction, as described above, to afford the phosphonate 45.3, which is then deprotected as 
10 described previously to give 45.4 

For exan5)le, the cbz derivative of 2,2-dimethyt-2-aiDinoethyl bromide 45.6, is heated with a 
trialkyl phosphite at ca ISCC to afford the product 45.7. Deprotection, as previously 
described, then affords the free amine 45.8. 

Using the above procedures, but enq)lo)dng difSraent trisubstituted phosphites, there are 
15 obtained the corresponding amines 45.4. 

Scheme 46 iftjstrates the preparation of phosphonate esters attached to the tert butylamine by 
means of a heteroatom and a carbon chain. An optionally protected alcohol or thiol 46.1 is 
reacted with a bromoalkylphosphonate 46.2, to afford the displacement product 463. 
20 D^rotection, if needed, then yields the amine 46.4. 

Fbr example, the cbz derivative of 2-amino-2,2-dimethylethanol 46.5 is reacted with a dialkyl 
4-bromobutyl phosphonate 46.6, prepared as desraibed in Synthesis, 1994, 9, 909, in 
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dimethylfonnamide containing potassium carbonate and potassium iodide, at ca 60°C to afford 
ttie phosphonate 46.7 Deprotection then affords the free amine 46.8. 
Using the above procedures, but employing difBsrent alcohols or thiols 46.1, and/or different 
bromoalky^>hosphonates 46J1, there are obtained the corresponding products 46.4. 

Scheme 47 describes the prq>aration of carbon-linked phosphonate tert butylamine 
derivatives, in which the carbon chain can be unsaturated or saturated. 
In the procedure, a terminal acetylenic derivative of tert-butylamine 47.1 is reacted, under 
basic conditions, with a dialkyl chlorophosphite 47.2, as described above in the preparation of 
36.5, (Scheme 36). The coupled product 473 is deprotected to afford the amine 47.4. Partial 
or con5>lete catalytic hydrogei^on of this con?>ound affords the olefinic and saturated 
products 47.5 and 47.6 respectivety. 

For exaa^ls, 2-amino-2-methylprop-l-yae 47.7, the preparation of which is described in WO 
9320804, is converted mto the N-phthalimido dmvative 47.8, by reaction with phthalic 
anhydride, as described in Protective Groups in Organic Synthesis, by T. W. Greraie and 
P.G.M. Wuts, Wiley, 1991, pp. 358. This con^und is reacted with lithium diisopropylamide 
in tetrahydrofiiran at -78''C. The resultant anion is then reacted with a dialkyl chlorophosphite 
47 to afford the phosphonate 47.9. Deprotection, for example by treatment with hydrazine, 
as described in J. Org. Chem., 43. 2320. 1978. then affords the free amine 47.10. Partial 
catalytic hydrogenation, for exarnple using Lindlar catalyst, as described in Reagents for 
Orgamc Synthesis, by L. F. Fieser and M. Fieser, Volunoe 1, p 566, produces the olefinic 
phosphonate 47.11, and conventional catalytic hydrogenation, as described in Organic 
Functional Group Preparations, by S.R. Sandler and W. Karo, Acadenik: Press, 1968, p3. for 
exsanplR using 5% palladium on carbon as catalyst, affords the saturated phosphonate 47.12. 
Using tiie above procedures, but employing different acetylenic amines 47.1, and/or different 
dialkyl halophosphites, tiiere are obtained the corresponding products 47.4, 47.5 and 47.6. 

Scheme 48 fflustrates tiie preparation of a tert butylamine phosphonate in whkh the 
phosphonate moiety is attached by means of a cyclic amine. 

In tiiis metiiod, an aminoetiiyl-substitiited cyclic amine 48.1 is reacted with a limited amount of 
a hromoalkyl phosphonate 48.2, usmg. for example, the conditions described above for the 
preparation of 40.3. (Scheme 40) to afford the displacement product 483. 
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For exaiiq)le, 3-(l-aiiiino-l-iiiethyl)ethylpyrrolidjne 48.4, the preparation of which is described 
in Chem. Pharm. BulL, 1994, 42, 1442. is reacted with a dialkyl 4-bromobutyl phosphonate 
48^, prepared as described in Synthesis, 1994, 9, 909, to afford the displacement product 
48.6. 

Using the above procedures, but en?)loying different cyclic amines 48.1, and/or different 
bromoalkylphosphonates 48.2, there are obtained the corresponding products 48.3. 
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Scheme 47 
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Preparation of decahydroquinolines with phos^honate moieties at the 6-position. 

Scheme 48a illustrates methods for the synthesis of intermediates for the preparation of 
decahydroquinolines with phosphonate moieties at the 6-position. Two methods for the 
preparation of the intermediate 48a.4 are shown. 

In the first route, 2-lQrdroxy-6-methy]^henylalanine 48a.l, the preparation of which is 
described in J. Med. Chem., 1969, 12, 1028, is converted into the protected derivative 48a^. 
For exaBople, the carboxylic acid is first transformed into the benzyl ester, and the product is 
reacted with acetic anhydride in the presence of an organic base such as, for exampte, pyridine, 
to afford the product 48a.2, in which R is benzyL This conqjound is reacted with a 
brominating agent, for example N-bromosuccinimide. to effect benzj^c bromination and yield 
the product 48a.3. The reaction is conducted io an aprotic solvent such as, for exanq>le, ethyl 
acetate or carbon tetrachloride, at reflux. The brominated conqwund 48a3 is then treated 
with acid, for example dilute hydrochloric acid, to efBsct hydrolysis and cyclization to afford 
the tetrahydroisoquinoline 48a.4, in which R is benzyL 

Alternatively, the tetrahydroisoquinoline 48a.4 can be obtained fi:om2-hydroxyph«iylalanine 
48a.5, the preparation of which is described m Can. J. Bioch., 1971, 49, 877. This conqwund 
is subjected to the conditions of the Rctet-Spengler reaction, for exan^le as described in 
Chem. Rev., 1995, 95, 1797. 

Typically, the substrate 48a^ is reacted with aqueous formaldehyde, or an equivalent such as 
paraformaldehyde or dunethoxymethane, in the presence of hydrocWoric add, for txaaspis as 
described in J. Med. Chem., 1986. 29. 784, to afford the tetrahydroisoquinoline product 
48a.4, in which R is H. Catatytic Iqrdrogenation of the latter conqwund, using, for example, 
platinum as catalyst, as described in J. Amer. Chem Soc., 69. 1250, 1947, or using rhodium 
on ahmnna as catalyst, as described in J. Med. Chem., 1995, 38, 4446. flien gives the hydroxy- 
substituted decahydroisoquinoline 48a.6. The reduction can also be performed 
dectrochemically. as described in Trans SAEST 1984, 19, 189. 

For exan5)le, die tetrahydroisoquinoline 48a.4 is subjected to hydrogenation in an alcohoUc 
solvent, m the presence of a dihite mineral acid such as hydrochloric acid, and 5% rhodium on 
alumina as catalyst. The hydrogenation pressure is ca. 750 psi, and the reaction is conducted 
at ca SO^C, to afford the decahydroisoquiooline 48a.6. 
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Protection of the carboxyl and NH groups present in 48a.6 for cxampls^ by conversion of the 
carboxylic acid into the trichloroethyl ester, as described in Protective Groups in Organic 
Synthesis, by T. W. Greene and P.G.M. Wuts, Wiley, 1991, p. 240, and conversion of the NH 
into the N-cbz group, as described above, foUowed by oxidation, using, for exan[q)le, 

5 pyridinium chlorochromate and the like, as described in Reagents for Organic Synthesis, by L. 
R Fieser and M. Reser, Volume 6, p. 498, affords the protected ketone 48a.9, in which R is 
trichloroethyl and Ri is cbz. Reduction of the ketone, for exan::5)le by the use of sodmm 
borohydride, as described in L Amer. ChenL Soc, 88, 281 1, 1966, or fithium tri-t^tiary butyl 
flliiminiiTn hydride, as described in J. Amer. Chem. Soc, 80, 5372, 1958. then affords the 

10 alcohol 48a«m 

For exanq>le, the ketone is reduced by treatn^nt with sodium borohydride in an alcoholic 
solvent such as isopropanol, at ambient temperature, to afford the alcohol 48a.l0. 
The alcohol 48a,6 can be converted into the thiol 48a.l3 and the amine 48a.l4, by means of 
displacement reactions with suitable nucleophiles, wifli inversion of stereochemistry. For 

15 examole, the alcohol 48a.6 can be converted into an activated ester such as the 

trifluoromethanesulfonyl ester or the methanesulfonate ester 48a.7, by treatment with 
methanesulfonyl chloride and a base. The mesylate 48a.7 is then treated with a sulfur 
nucleophile, for example potassium thioacetate, as described in Tet. Lett., 1992, 4099, or 
sodium thiophosphate, as described in Acta Chem. Scand., 1960, 1980, to efiBect displacement 

20 of the mesylate, followed by mild basic hydrolysis, for example by treatment with aqueous 
ammonia, to afford the thiol 48a.l3. 

For exan^jle, the mesylate 48a.7 is reacted with one molar equivalent of sodium thioacetate in 
a polar aprotic solvent such as, for exanqple, dimethylformamide, at ambient tenq)erature, to 
afford the thioacetate 48a.l2, in which R is COCH3. The product then treated with, a mild 
25 base such as, for exanqple, aqueous ammonia, in the presence of an organic co-solvent such as 
ethanol, at ambient temperature, to afford the thiol 48a.l3. 

The mesylate 48a.7 can be treated with a nitrogen nucleophile, for example sodium 
phthalimide or sodium bis(trimethylsilyl)amide, as described in Comprehensive Organic 
Transformations, by R. C. Larock, p. 399, followed by deprotection as described previously, 
30 to afford the amine 48a.l4. 

For example, the mesylate 48a.7 is reacted, as described in Angew. Chem. Int. Ed., 7, 919, 
1968, with one molar equivalent of potassium phthalimide, in a dipolar aprotic solvent, such 
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as, for exaii5>le, dimethylformaimde, at ambient teii5)erature, to afford the displacement 
product 48a.8, in which NR*R^ is phthalimido. Removal of the phthalimido group, for 
exan5)le by treatment with an alcoholic solution of hydrazine at anibient ten5)erature, as 
described in J. Org. Chem., 38, 3034, 1973, then yields the amine 48a.l4. 
5 The apphcation of the procedures described above for the conversion of the |5-carbinol 48a.6 
to the a-thiol 48a.l3 and the a-amine 48a.l4 can also be applied to the a-carbinol 48a.l0, so 
as to afford the p-thiol and p-amine, 48a.ll. 

Scheme 49 illustrates the preparation of compounds in which the phosphonate moiety is 
10 attached to the decahydroisoquinoline by means of a heteroatom and a carbon chain. 

In this procedure, an alcohol, thiol or amine 49.1 is reacted with a bromoalkyl phosphonate 
49.2, under the conditions described above for the preparation of the phosphonate 40.3 
(Scheme 40), to afford the displacement product 49.3. Removal of the ester group, followed 
by conversion of the acid to the R'^NH amide and N-deprotection, as described below, 
15 (Scheme 53) then yields the amine 49.8. 

For example, the compoimd 49.5, in which the carboxylic acid group is protected as the 
trichloroethyl ester, as described in Protective Groups in Organic Synthesis, by T. W. Greene 
and P.G.M. Wuts, Wiley, 1991, p. 240, and the amine is protected as the cbz group, is reacted 
with a dialkyl 3-bromopropylphosphonate, 49.6, the preparation of which is described in J. 
20 Amer. Chem. Soc, 2000, 122, 1554 to afford the displacement product 49.7. Deprotection of 
the ester group, followed by conversion of the acid to the R^NH amide and N-deprotection, as 
described below, (Scheme 53) then yields the amine 49.8. 

Using the above procedures, but employing, in place of the a-thiol 49.5, the alcohols, thiols or 
amines 48a.6, 48a.l0, 48a.ll» 48a.l3» 48a.l4, of eithra a- or p-orientation, there are obtained 
25 the corresponding products 49.4, in which the orientation of the side chain is the same as that 
of the O, N or S precursors. 

Scheme 50 illustrates the preparation of phosphonates linked to the decahydroisoquinolme 
moiety by means of a nitrogen atom and a carbon chain. The compounds are prepared by 
30 means of a reductive amination procedure, for exanq>le as described in Comprehensive 
Organic Transformations, by R. C. Larock, p. 421. 
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In this procedure, the amines 48a.l4 or 48a.ll are reacted with a phosphonate aldehyde 50.1, 
in the presence of a reducing agent, to afford the alkylated amine 50.2. Deprotection of the 
ester group, followed by conversion of the acid to the R'^NH amide and N-deprotection, as 
described below, (Scheme 53) then yields the amine 50.3. 
For exan5)le, the protected amino con5)ound 48a.l4 is reacted with a dialkyl 
foraiylphosphonate 50.4, the preparation of which is described in U.S. Patent 3,784,590, in the 
presence of sodium cyanoborohydride, and a polar organic solvent such as ethanolic acetic 
acid, as described in Org. Prep. Proc. Int., 11, 201, 1979, to give the amine phosphonate 50.5. 
Deprotection of the ester group, followed by conversion of the acid to the R^NH amide and 
N-deprotection, as described below, (Scheme 53) then yields the amine 50.6. 
Using the above procedures, but enqploying, instead of the a-amine 48a.l4, the P isomer, 
48a.ll and/or different aldehydes 50.1, there are obtained the corresponding products 50.3, in 
which the orientation of the side chain is the same as that of the amine precursor. 

Scheme 51 depicts the preparation of a decahydroisoquinoline phosphonate in which the 
phosphonate moiety is linked by means of a sulfur atom and a carbon chain. 
In this procedure, a thiol phosphonate 51.2 is reacted with a mesylate 51.1, to effect 
displacement of the mesylate group with inversion of stereochemistry, to afford the thioether 
product 51.3. Deprotection of the ester group, foUowed by conversion of the acid to the tert. 
butyl amide and N-deprotection, as described below, (Scheme 53) then yields the amine 51.4. 
For example, the protected mesylate 51.5 is reacted with an equimolar amount of a dialkyl 2- 
mercaptoethyl phosphonate 51.6, the preparation of which is described in Aust. J. Chem., 43, 
1 123, 1990. The reaction is conducted in a polar organic solvent such as ethanol, in the 
presence of a base such as, for exan:?)le, potassimh carbonate, at ambient temperature, to 
afford the thio ether phosphonate 51.7. Deprotection of the ester group, followed by 
conversion of the acid to the tert butyl amide and N-deprotection, as described below, 
(Schenoe 53) then yields the amine 51.8 

Using the above procedures, but employing, instead of the phosphonate 51.6, different 
phosphonates 51.2, there are obtained the corresponding products 51.4. 

Scheme 52 ifliistrates the preparation of decahydroisoquinoline phosphonates 52.4 in which 
the phosphonate group is Imked by means of an aromatic or heteroaromatic ring. The 
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conq>ounds are prepared by nieans of a displaceroent reaction between hydroxy, thio or amino 
substituted substrates 52*1 and a bromonoethyl substituted phosphonate 52 J,. The reaction is 
performed in an aprotic solvent m the presence of a base of suitable strength, depending on the 
nature of the reactant 52.1. If X is S or NH, a weak organic or inorganic base such as 
5 triethylamine or potassium carbonate can be en5)loyed. If X is O, a strong base such as 
sodium hydride or lithium hexamethyldisilylazide is required. The displacement reaction 
affords the ether, thioether or amine compounds 52.3. Deprotection of the ester group, 
followed by conversion of the acid to the R'^NH amide and N-deprotection, as described 
below, (Scheme 53) then yields the amine 52.4. 

10 For exaople, the protected alcohol 52.5 is reacted at ambient temperature with a dialkyl 3- 
bromomethyl phenylmethylphosphonate 52.6, the preparation of which is described above, 
(Scheme 43). The reaction is conducted in a dipolar aprotic solvent such as, for example, 
dioxan or dimethylformamide. The solution of the carbinol is treated with one equivalent of a 
strong base, such as, for exanq>le, lithiimi hexamethyldisilylazide, and to the resultant noJxture 

15 is added one molar equivalent of the bromomethyl phosphonate 52.6, to afford the product 
52.7. Deprotection of the ester group, followed by conversion of the acid to the R^^NH amide 
and N-deprotection, as described below, (Scheme 53) then yields the amine 52.8. 
Using the above procedures, but employing, instead of the P-carbinol 52.5, different carbinols, 
thiols or amines 52.1, of either a- or P-orientation, and/or different phosphonates 52.2, in 

20 place of the phosphonate 52.6, there are obtained the corresponding products 52.4 in which 
the orientation of the side-chain is the same as that of the starting material 52.1. 

Schemes 49-52 illustrate the preparation of decabydroisoquinoline esters incorporating a 
phosphonate group linked to the decabydroisoquinoline nucleus. 
25 Scheme 53 illustrates the conversion of the latter group of compounds 53.1 (in which the 

group B is link-P(0)(0R^)2 or optionally protected precursor substituents thereto, such as, for 
example, OH, SH, NH2) to the corresponding R'^NH amides 53.5. 

As shown in Scheme 53, the ester compounds 53.1 are deprotected to form the corresponding 
carboxyUc adds 53.2. The methods eixq>loyed for the deprotection are chosen based on the 
30 nature of the protecting group R, the nature of the N-protecting group R^, and the nature of 
the substituent at the 6-positioiL For example, if R is trichloroethyl, the ester, group is removed 
by treatment with zinc in acetic acid, as described in J. Amer. Chem. Soc, 88, 852, 1966. 
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Conversion of the carboxylic acid 53.2 to the R^NH amide 53.4 is then accomplished by 
reaction of the carboxylic acid, or an activated derivative thereof; with the amine R^NH2 533 
to. afford the amide 53.4, using the conditions described above for the preparation of the amide 
1.6. Deprotection of the NR^ group, as described above, then affords the free amine 53.5. 
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Scheme 48a. Intermediates for the preparation of phosphonate-containing 
decahydroisoquinolines. 
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Scheme 51 
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Scheme 52 
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Scheme 54 
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IhtercbnYer^ons of the phosphonates R-Ii]ik-P(0)(OR%, R-link-P(0)(OR^)(OH) and R- 
liiik-P(OXOH)2. 

Schemes 1-69 described the preparations of phosphonate esters of the general structure R- 
]ink-P(0)(0R')2, in which the groups R', the structures of which are defined in Chart 1, may 
be the same or different. The groups attached to a phosphoiiate estos 1-6, or to 
precursors thereto, may be changed using established chemical transformations. The 
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interconversions reactions of phosphonates are illustrated in Scheniie 54. The group R in 
Scheme 54 represents the substructure to which the substituent link-P(0)(0R^)2 is attached, 
either in the con5)ounds 1-6 or in precursors thereto. The group may be changed, using the 
procedures described below, either in the precursor compounds, or in the esters 1-6. The 
5 methods en5)loyed for a given phosphonate transformation depend on the nature of the 

substituent R^ The preparation and hydrolysis of phosphonate esters is described in Organic 
Phosphorus Conq)Ounds, G. M. Kosolapoff, L. Maeir, eds, Wiley, 1976, p. 9ff. 

The conversion of a phosphonate diester 54.1 into the corresponding phosphonate monoester 
S4J2 (Scheme 54, Reaction 1) can be accon5>lished by a number of methods. For exsnnpl&j the 

10 ester 54.1 in which R^is an arall^l group such as benzyl, can be converted into the monoester 
compound 54.2 by reaction with a tertiary organic base such as diazabicyclooctane (DABCO) 
or quinuclidine, as described in J. Org. ChenL, 1995, 60, 2946. The reaction is performed in 
an inert hydrocarbon solvent such as toluene or xylene, at about 1 10- C. The conversion of the 
diester 54.1 in which R^is an aryl group such as phenyl, or an alkenyl group such as allyl, into 

15 the monoester 54.2 can be effected by treatment of the ester 54.1 with a base such as aqueous 
sodium hydroxide in acetonitrile or lithium hydroxide in aqueous tetrahydrofuran. 
Phosphonate diesters 54.1 in which one of the groups R^is aralkyl, such as benzyl, and the 
other is alkyl, can be converted into the monoesters 54.2 in which R^is alkyl by hydrogenation, 
for example using a palladium on carbon catalyst Phosphonate diesters in which both of the 

20 groups R^are alkenyl, such as allyl, can be converted into the monoester 54.2 in which R^is 
alkenyl, by treatment with chlorotris(triphenylphosphine)rhodium (Wilkinson's catalyst) in 
aqueous ethanol at reflux, optionally in the presence of diazabicyclooctane, for exan^le by 
using the procedure described in J. Org. Chem., 38 3224 1973 for the cleavage of aHyl 
carboxylates. 

25 The conversion of a phosphonate diester 54.1 or a phosphonate monoester 54.2 into the 

corresponding phosphonic acid 54.3 (Scheme 54, Reactions 2 and 3) can effected by reaction 
of the diester or the monoester with trimethylsilyl bromide, as described in J. Chem. Soc, 
Chem. ComuL, 739, 1979. The reaction is conducted in an inert solvent such as, for exan[q)le, 
dichloromethane, optionally in the presence of a silylating agent such as 

30 bis(trimethylsilyl)trifluoroacetamide, at ambient tencperature. A phosphonate monoester S4J2 
in which R^is aralkyl such as benzyl, can be converted into the corresponding phosphonic acid 
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543 by hydrogenation over a palladium catalyst, or by treatment with hydrogen chloride in an 
ethereal solvent such as dioxan. A phosphonate monoester 54.2 in which R^is alkenyl such as, 
for example, allyl, can be converted into the phosphordc acid 54.3 by reaction with Wilkinson's 
catafyst in an aqueous organic solvent, for exaiqple in 15% aqueous acetonitrile, or in aqueous 
5 ethanol, for exaii5)le using the procedure described in Helv. Chim. Acta., 68, 618, 1985. 
Palladium catalyzed hydrogenolysis of phosphonate esters 54.1 in which R^is benzyl is 
described in J, Org. Chem., 24, 434, 1959. Platinunohcatalyzed hydrogenolysis of phosphonate 
esters 54.1 in which R^is phenyl is described in J. Amer. Chem. Soc, 78, 2336, 1956. 

The conversion of a phosphonate monoester 54.2 into a phosphonate diester 54.1 (Scheme 54, 

10 Reaction 4) in which the newly introduced R^groiq) is alkyl, arallq^l, haloalkyl such as 

chloroethyl, or aralkyl can be effected by a number of reactions in which the substrate 54.2 is 
reacted with a hydroxy compound R^OH, in the presence of a coupling agent. Suitable 
coupling agents are those employed for the preparation of carboxylate esters, and include a 
carbodiimide such as dicyclohexylcarbodiimide, in which case the reaction is preferably 

15 conducted in a basic organic solvent such as pyridine, or (benzotriazoH- 

yloxy)tripyrrolidinophosphonium hexafluorophosphate (PYBOP, Sigma), in which case the 
reaction is performed in a polar solvent such as dimethylformamide, in the presence of a 
tertiary organic base such as diisopropylethylamine, or Aldrithiol-2 (Aldrich) in which case the 
reaction is conducted in a basic solvent such as pyridine, in the presence of a triaryl phosphine 

20 such as triphenylphosphine. Alternatively, the conversion of the phosphonate monoester 54.2 
to the diester 54.1 can be effected by the use of the Mitsonobu reaction, as described above 
(Scheme 25). The substrate is reacted with the hydroxy conipound R^OH, in the presence of 
dietbyl azodicarboxylate and a triaiy^hosphine such as trq)henyl phosphine. Altmiatively, the 
phosphonate monoester 54.2 can be transformed into the phosphonate diester 54.1, in which 

25 the introduced R^ group is alkenyl or aralkyl, by reaction of the nK)noester with the halide 
R^Br, in which R^ is as alkenyl or aralkyL The alkylation reaction is conducted in a polar 
organic solvit such as dimethylformamide or acetonitrile, in the presence of a base such as 
cesium carbonate. Alternatively, the phosphonate monoester can be transformed into the 
phosphonate diester in a two step procedure. In the first step, the phosphonate monoester 

30 54.2 is transfiDrmed into the chloro analog RP(0)(OR*)a by reaction with thionyl chloride or 
oxalyl chloride and the like, as described in Organic Phosphorus Compounds, G. NL 
Kosol^ff; L. Maeir, eds, Wiley. 1976, p. 17, and die thus-obtained product RP(0)(OR^)a is 
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then reacted with the hydroxy compound R^OH, in the presence of a base such as 
tnethylamine, to afford the phosphonate diester 54»1, 

A phosphonic acid R-link-P(0)(0H)2 can be transformed into a phosphonate monoester 
RP(0)(OR*)(OH) (Scheme 54, Reaction 5) by naeans of the methods described above of for 
5 the preparation of the phosphonate diester R-link-P(0)(0R^)2 54.1, except that only one molar 
proportion of the coii5)onent R^OH or R^Br is enoployed. 

A phosphonic acid R-link-P(0)(0H)2 543 can be transformed into a phosphonate diester R- 
liiik-P(0)(0R*)2 54.1 (Scheme 54, Reaction 6) by a coupling reaction with the hydroxy 
con^und R^OH, in the presence of a coupling agent such as Aldrithiol-2 (Aldrich) and 

10 triphenylphosphine. The reaction is conducted in a basic solvent such as pyridine. 

Alternatively, phosphonic acids 54.3 can be transformed into phosphonic esters 54.1 in which 
is aryl, by means of a coupling reaction employing, for example, dicyclohexylcarbodiinride 
in pyridine at ca TCC. Alternatively, phosphonic acids 54.3 can be transformed into 
phosphonic esters 54.1 in which R^ is aDcenyl, by means of an alkylation reaction. The 

15 phosphonic acid is reacted with the alkenyl bromide R^Br in a polar organic solvent such as 
acetonitrile solution at reflux temperature, the presence of a base such as cesium carbonate, to 
afford the phosphonic ester 54.1. 
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Scheme 55 
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Preparation of the phosphonate esters 1-6 incoiporatiiig carbamate moieties. ' 

The phosphonate esters 1-6 in which the R^CO group is formally derived from the carboxylic 
acid synthons C39 - C49 as shown in Chart 2c, contain a carbamate moiety. The preparation 
5 of carbanaates is described in Con5)rehensive Organic Functional Group Transformations, A. 
R. Katritzky, ed., Pergamon, 1995, Vol. 6, p. 416ff, and in Organic Functional Group 
Preparations, by S. R. Sandler and W. Karo, Academic Press, 1986, p. 260S. 

m 

Scheme 55 illustrates various methods by which the carbamate linkage can be synthesized. As 

10 shown in Schen^ 55, in the general reaction generating carbamates, a carbinol 55.1 is 
converted into the activated derivative 55.2 in which Lv is a leaving group such as halo, 
imidazolyl, benztriazolyl and the like, as described below. The activated derivative 55.2 is 
then reacted with an amine 55.3, to afford the carbamate product 55.4. Exanq[>les 1 - 7 ia 
Scheme 55 depict methods by which the general reaction can be effected. Exarqples 8-10 

IS illustrate alternative methods for the preparation of carbamates. 

Scheme 55, Example 1 illustrates the preparation of carbamates employing a chloroformyl 
derivative of the carbinol 55.5. In this procedure, the carbinol 55.5 is reacted with phosgene, 
in an inert solvent such as toluene, at about O'C, as described in Org. Syn. Coll. VoL 3, 167, 
1965, or with an equivalent reagent such as trichloromethoxy cUoroformate, as described in 

20 Org. Syn. ColL VoL 6, 715, 1988, to afford the chlorofonnate 55.6. The latter compound is 
then reacted with the amine corq)onent 55.3, in the presence of an organic or inorganic base, 
to afford the carbamate 55.7. For exaniple, the chloroformyl conQ)ound 55.6 is reacted with 
the amine 55.3 in a water-miscible solvent such as tetrahydrofuran, in the presence of aqueous 
sodium hydroxide, as described in Org. Syn. CoH VoL 3, 167, 1965, to yield the carbamate 

25 55.7. Alternatively, the reaction is preformed in dichloromethane in the presence of an organic 
base such as diisopropylethylamine or dimethylarmnopyridine. 
Scheme 55, Example 2 depicts the reaction of the chloroformate compound 55.6 with 
imidazole, 55.7, to produce the imidazolide 55.8. The imidazolide product is then reacted 
with the amine 55.3 to yield the carbamate 55.7. The preparation of the iooidazolide is 

30 performed in an aprotic solvent such as dichloromethane at C'C, and the preparation of the 
carbamate is conducted in a similar solvent at ambient tenq^erature, optionally in the presence 
of a base such as dimethylaminopyridine, as described in J. Med. Chem., 1989, 32, 3S7. 
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Scheme 55 Exanple 3» depicts the reaction of the chloroformate 55.6 with an activated 
hydroxyl compound R'^OH, to yield the mixed carbonate ester 55.10. The reaction is 
conducted in an inert organic soh^ent such as ether or dichloromethane, in the presence of a 
base such as dicyclohexylamine or triethylamine. The hydroxyl con5)onent R"OH is selected 
5 from the group of conq>ounds 55.19 - 55.24 shown in Scheme 55, and similar conq>ounds. For 
exanple, if the component R"OH is hydroxybenztriazole 55.19, N-hydroxysuccinimide 55.20, 
or pentachlorophenol, 55.21, the mixed carbonate 55.10 is obtained by the reaction of the 
chloroformate with the hydroxyl confound in an ethereal solvent in the presence of 
dicyclohexylamine, as described in Can. J. ChenL, 1982, 60, 976. A similar reaction in which 
10 the con^nent R"OH is pentafluorophenol 55.22 or 2-hydroxypyridine 55.23 can be 

performed in an ethereal solvent in the presence of tdethylaioine, as described in Syn., 1986, 
303, and ChemL Ber. 118, 468, 1985. 

Scheme 55 Example 4 iQustrates the preparation of carbamates in which an 
alkyloxycarbonylimidazole 55.8 is employed. In this procedure, a carbinol 55.5 is reacted with 

15 an equimolar amount of carbonyl diimidazole 55.11 to prepare the intermediate 55.8. The 
reaction is conducted in an aprotic organic solvent such as dicbloromethane or 
tetrahydrofiiran. The acyloxyimidazole 55.8 is then reacted with an equimolar amount of the 
amine R'NH2 to afford the carbamate 55.7. The reaction is performed in an aprotic organic 
solvent such as dicbloromethane, as described in Tet. Lett., 42, 2001, 5227, to afford the 

20 carbamate 55.7. 

Scheme 55, Exan5>le 5 illustrates the preparation of carbamates by means of an intermediate 
alkoxycarbonylbenztriazole 55.13, In this procedure, a carbinol ROH is reacted at ambient 
temperature with an equimolar amount of benztriazole carbonyl chloride 55.12, to afford the 
alkoxycarbonyl product 55.13. The reaction is performed in an organic solvent such as 
2S benzene or toluene, in the presence of a tertiary organic amdne such as triethylamine, as 

described in Syn., 1977, 704. This product is then reacted with the amine R'NH2 to afford the 
carbamate 55.7. The reaction is conducted in toluene or ethanol, at from ambient temperature 
to about 80"C as described in Syn., 1977, 704. 

Scheme 55, Example 6 illustrates the preparation of carbanoates in which a carbonate 
30 (R"0)2C0, 55.14, is reacted with a carbinol 55.5 to afford the intermediate alkyloxycarbonyl 
intermediate 55.15. The latter reagent is then reacted with the amine R'NH2 to afford the 
carbamate 55.7. The procedure in which the reagent 55.15 is derived from 

r 
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hydroxybenztriazole 55.19 is described in Synthesis, 1993, 908; the procedure in which the 
reagent 55.15 is derived from N-hydroxysuccinimide 55.20 is described in Tet. Lett., 1992, 
2781; the procedure in which the reagent 55.15 is derived from 2-hydroxypyridiQe 55.23 is 
described in Tet. Lett., 1991, 4251; the procedure in which the reagent 55.15 is derived from 
5 4-nitrophenol 55.24 is described in Syn. 1993, 103. The reaction between equimolar amounts 
of the carbinol ROH and the carbonate 55.14 is conducted in an inert organic soh^ent at 
ambient ten:q)erature. 

Scheme 55, Exan:5>le 7 illustrates the preparation of carbamates from alkoxycarbonyl azides 
55.16. in this procedure, an alkyl chloroformate 55.6 is reacted with an azide, for example 
10 sodium azide, to afiford the alkoxycarbonyl azide 55.16. The latter compound is then reacted 
with an equimolar amount of the amine R*NH2 to afford the carbamate 55.7. The reaction is 
conducted at ambient ten5>erature in a polar aprotic solvent such as dimethylsulfoxide, for 
example as described in Syn., 1982, 404. 

Schemye 55, Bcample 8 illustrates the preparation of carbamates by means of the reaction 
15 between a carbinol ROH and the chloroformyl derivative of an amine. In this procedure, 

which is described in Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook, Wiley, 1953, 
p. 647, the reactants are combined at ambient temperature in an aprotic solvent such as 
acetonitrile, in the presence of a base such as triethylamine, to afford the carbamate 55.7. 
Scheme 55, Example 9 illustrates the preparation of carbamates by means of the reaction 
20 between a carbiaol ROH and an isocyanate 55.18. In this procedure, which is described in 
Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook, Wiley. 1953, p. 645, the reactants 
are combined at ambient temperature in an s^rotic solvent such as ether or dichloromethane 
and the like, to afford the carbamate 55.7. 

Scheme 55, Exan^le 10 illustrates the preparation of carbamates by means of the reaction 
25 between a carbinol ROH and an amine RNH2. In this procedure, which is described in Chem. 
Lett. 1972, 373, the reactants are combined at ambient temperature in an aprotic organic 
solvent such as tetrahydrofuran, in the presence of a tertiary base such as triethylamine, and 
seleniimL Carbon monoxide is passed through the solution and the reaction proceeds to afford 
the carbamate 55.7. 

30 

Preparation of phosphonate intermediates 5 and 6 with phosphonate moieties 
incorporated into the group R ^COOH and R^NHCH(R^CONHR^ 
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The chemical transformations described in Schemes 1-55 illustrate the preparation of 
conq)Ounds l<-4 in which the phosphonate ester moiety is attached to the quinoline-2* 
carboxylate substmcture, (Schemes 1-8), the phenylalanine or thiophenol nooiety (Schemes 9- 
5 13), the tert-butylamine moiety (Schemes 14-18) and the decahydroisoquinoline moiety 
(Schemes 19 - 22). 

The various chemical methods en5>loyed herein (Schemes 25 - 69)for the preparation of 
phosphonate groups can, with appropriate modifications known to those skilled in the art, be 
applied to the introduction of phosphonate ester groups into the compounds R^COOH, as 

10 defined in Charts 3a, 3b and 3c, and into the compounds R^NHCH(R^)CONHR^ as defined in 
Chart 2. For exaiiq)le. Schemes 56 - 61 illustrate the preparation of phosphonate-containing 
analogs of the phenoxyacetic acid C8 (Chart 3a), Schemes 62 - 65 illustrate the preparation of 
phosphonateH:ontaining analogs of the carboxylic acid C4, Schemes 66 - 69 illustrate the 
preparation of phosphonate-containing analogs of the amine A12 (Chart 2), and Schemes 70- 

15 75 illustrate the preparation of phosphonate-containing analogs of the carboxylic acid C38. 
The resultant phosphonate-containing analogs R^COOH and R^^CH(R^^)CONHR'^ can 
then, using the procedures described above, be en5)loyed in the preparation of the compounds 
5 and 6. The procedures required for the introduction of the phosphonate-containiog analogs 
R^^COOH and R^NHCH(R^^)CONHR^ are the same as those described above for the 

20 introduction of the R^CO and R^NHCH(R^)CONHR^ moieties. 

Preparation of dimethylphaioxyacetic acids incorporating pliosphonate moieties. 

Scheme 56 illustrates two altemativemethods by means of which 2,6-dimethy^henoxyacetic 
25 acids bearing phosphonate moieties may be prq)are4 The phosphonate group may be 
introduced into the 2,6-dimethylphenol moiety, followed by attachn^nt of the acetic acid 
group, or the phosphonate group noay be introduced into a preformed 2,6- 
dimethylphenoxyacetic acid intermediate. In the first sequence, a substituted 2,6- 
dimethylphenol 56.1, in which the substituent B is a precursor to the group link-P(0)(0R^)2, 
30 and in which the phenolic hydroxyl may or may not be protected, depending on the reactions 
to be performed, is converted into a phosphonate-containing compound 56.2. Methods for 



-342- 



wo 03/090690 



PCTAJS03/12901 



the conversion of the substituent B into the group link-P(0)(0R')2 are described in Schemes 
25 - 69. 

Tlie protected phenolic hydroxyl group presaat in the phosphonate-containing product 56^ is 
then deprotected, using methods described below, to afford the phenol 56.3. 

5 The phenolic product 563 is then transformed into the corresponding phenoxyacetic acid 
56.4, in a two step procedure. In the first stqp, the phenol 563 is reacted with an ester of 
bromoacetic add 56.5, in which R is an alkyl group or a protecting group. Methods for the 
protection of carboxylfc acids are described in Protective Groups in Organic Synthesis, by 
T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 224ff. The alkylation of 

10 lAienols to afford phenolic ethers is described, for exanple, in Conq>rehensive Organic 
Transformations, by R. C Larock, VCH, 1989, p. 446ff. Typically, the phenol and the 
alkylating agent are reacted together in the presence of an organic or inorganic base, such as, 
for exai^ple, diazabicyclononeaoe, (DBN) or potassium carbonate, in a polar organic solvent 
such as, for exanq>le, dimethylformamide or acetonitrile. 

15 Prefraabty, equimolar amounts of the phenol 56.3 and ethyl hromoacetate are reacted together 
in the presence of cesium carbonate, in dioxan at reflux tMi^)erature, for example as described 
ia U.S. Patent 5,914,332, to afford the ester 56.6. 

The thus-obtained ester 56.6 is then hydrolyzed to afford the carboxylic acid 56.4. The 
methods used for this reaction depend on the nature of the group R. If R is an alkyl group 

20 such as methyl, hydrolysis can be effected by treatment of the ester with aqueous or aqueous 
alcoholic base, or by use of an esterase enzyme such as porcine liver esterase. If R is a 
protecting group, methods for hydrolysis are desaibed in Protective Groups in Organic 
Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 224ff. 
Preferabty, the ester product 56.6 which R is ethyl is hydrolyzed to the carboxylic add 56.4 by 

25 reaction with lithium hydroxide in aqueous methanol at ambient ten^erature, as described in 
U.S. Patent 5,914,332. 

Alternatively, an appropriately substituted 2,6-dimethylphenol 56.7, m which the substituent B 
is a precursor to the group link-P(OXOR%, is transformed into the corresponding 
phenojgracetic ester 56.8. The conditions employed for the alkylation reaction are smrilar to 
30 those described above for the conversion of the phenol 563 into the ester 56.6. 

The phenolic ester 56.8 is then converted, by transformation of the group B into the group 
link-P(0)(0R*)2 followed by ester hydrolysis, into the carboxylic add 56.4. The group B 
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which is present in the ester 56.4 may be transformed into the group link-P(0)(OR*)2 either 
before or after hydrolysis of the ester moiety into the carboxyHc acid group, depending on the 
nature of the jchemical transformations required. 

Schemes 56 - 61 illustrate the preparation of 2,6-dimethylphenoxyacetic acids incorporating 
phosphonate ester groups. The procedures shown can also be applied to the preparation of 
phenox3racetic esters acids 56.8, with, if appropriate, modifications made according to the 
knowledge of one skilled in the art 



Scheme 57 illustrates the preparation of 2,6-dimethy]^henoxyacetic acids incorporating a 
phosphonate ester which is attached to the phenolic group by means of a carbon chain 
incorporating a nitrogen atom. The compounds 57.4 are obtained by means of a reductive 
alkylation reaction between a 2,6-dimethylphenol aldehyde 57.1 and an aminoalkyl 
phosphonate ester 57.2. The preparation of amines by means of reductive amination 
procedures is described, for exanq>le, in Comprehensive Organic Transformations, by R. C. 
Larock, VCH, p. 421. In this procedure, the amine component 57.2 and the aldehyde 
con5)onent 57.1 are reacted together in the presence of a reducing agent such as, for example, 
borane, sodium cyanoborohydride or diisobutylaluminum hydride, to yield the amine product 

57.3. The amination product 573 is then converted into the phenoxyacetic acid conopound 

57.4, using the alkylation and ester hydrolysis procedures described above, (Scheme 56) 

For example, equimolar amounts of 4-hydroxy-3,5-dimethyIbenzaldehyde 57.5 (Aldrich) and a 
dialkyl aminoethyl phosphonate 57.6, the preparation of which is described in J. Org. Chem., 
2000, 65, 676, are reacted together in the presence of sodium cyanoborohydride and acetic 
acid, as described, for example, in J. Amer. Chem. Soc, 91, 3996, 1969, to afibrd the amine 
product 57.3. The product is then convated into the acetic acid 57.8, as described above. 
Using the above procedures, but erq)loying, in place of fhe aldehyde 57.5, different aldehydes 
57.1, and/or different aminoalkyl phosphonates 57.2, the corresponding products 57.4 are 
obtained. 

• In this and succeeding examples, the nature of the phosphonate ester group can be varied, 
either before or after incorporation into the scaffold, by means of chemical transformations. 
The transformations, and the methods by which they are accomplished, are described above 
(Scheme 54) 
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Scheme 58 depicts the preparation of 2,6-dimethylphenols incorporathig a phosphonate group 
linked to the phenyl ring by means of a saturated or unsaturated alkylene chain. In this 
procedure, an optionally protected bromo-substituted 2,6-dfanethy^henol 58.1 is coupled, by 
means of a palladiuin-catalyzed Heck reaction, with a diaDqd alkenyl phosphonate 58.2. The 

5 coupling of aryl bromides with olefins by means of the Heck reaction is described, for 

exan^le, in Advanced Organic Chemistry, by F. A. Carey and R. J. Sundberg, Plenum, 2001, 
p. 503. The aryl bromide and the olefin are coupled in a polar solvent such as 
dimethylformamide or dioxan, in the presence of a palladium(0) or palladium (2) catalyst. 
Following the coupling reaction, the product 58 J is convated, using the procedures described 

10 above, (Scheme 56) into the corresponding phenoxyacetic acid 58.4. Alternatively, the 
olefinic product 58.3 is reduced to afford the saturated 2,6-dimethy^phenol derivative 58.5. 
Methods for the reduction of carbon-carbon double bonds are described, for example, ia 
Conyrehensive Qrgamc Transformations, by R. C Larock, VCH, 1989, p. 6. The methods 
include catalytic reduction, or chemical reduction employing, for example, diborane or 

15 diimide. Following the reduction reaction, the product 583 is converted, as described above, 
(Scheme 56) into the corresponding phenoxyacetic acid 58.6. 

For exanq>le, 3-bromo-2,6-dimethylphenol 58.7, prepared as described in Can. J. Chem., 
1983, 61, 1045, is converted into tb& tert-butyldimetiiylsilyl ether 58.8, by reaction with 
chloro-tert-butyldimethylsilane, and a base such as imidazole, as described in Protective 

20 Groups in Qrgamc Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990 
p. 77. The product 58.8 is reacted with an equimolar amount of a dialkyl allyl phosphonate 
58.9, for example diethyl allylphosphonate (Aldrich) in the presence of ca. 3 mol % of 
bis(triphenylphosphine) palladium(II) chloride, in dimethylformamide at ca. eO^C, to produce 
the coupled product 58.10. The sfllyl group is removed, for example by the treatment of the 

25 ether 58.10 with a solution of tetrabutylammonium fluoride in tetrahydrofiiran, as described in 
J. Am. ChenL, Soc, 94, 6190, 1972, to afford the phenol 58.11. This compound is converted, 
en5)loying the procedures described above, (Scheme 56) into the corresponding phenoxyacetic 
acid 58.12. Alternatively, the unsaturated conopound 58.11 is reduced, for example by 
catalytic hydrogenation employing 5% palladium on carbon as catalyst, in an alcoholic solvent 

30 such as methanol, as described, for example, in Hydrogenation Methods, by R. N. Rylander, 
Academic Press, 1985, Ch. 2, to afford the saturated analog 58.13. This compound is 
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converted, employing the procedures described above, (Scheme 56) into the coiresponding 
phenoxyacetic acid 58.14. 

Using the above procedures, but enq>loying, in place of 3-bromo-2,6-dimethy^henol 58.7, 
different hromophenols 58.1, and/or different dialkyl alkenyl phosphonates 58.2, the 
5 corresponding products 58.4 and 58.6 are obtained. 



Scheme 59 iUustrates the preparation of phosphonate-containing 2,6-dimethylpbenoxyacetic 
adds 59.1 in which the phosphonate group is attached to the 2,6-diDaethy^henoxy moiety by 
means of a carbocycKc ring. In this procedure, a bromo-substituted 2,6-dimethylphenol 59.2 

10 is converted, using the procedures illustrated in Scheme 56, into the corresponding 2,6- 
dixnethylphenoxyacetic ester 59.3. The latter con5)ound is then reacted, by means of a 
palladium-catalyzed keck reaction, with a cycloalkenone 59.4, in which n is 1 or 2. The 
coupling reaction is conducted under the sanae conditions as those described above for the 
preparation of 58.3 (Scheme 58). The product 59.5 is then reduced catalytically, as described 

15 above for the reduction of 58.3, (Scheme 58), to afford the substituted cycloaDcanone 59.6. 
The ketone is then subjected to a reductive amination procedure, by reaction with a dialkyl 2- 
aminoethylphosphonate 59.7 and sodium triacetoxyborohydride, as described in J. Org. 
Chem., 61, 3849, 1996, to yield the amine phosphonate 59.8. The reductive amination 
reaction is conducted under the same conditions as those described above for the preparation 

20 of the amine 573 (Scheme 57). The resultant ester 59.8 is then hydrolyzed, as described 
above, to afford the.phenoxyacetic acid 59.1. 

For exaxapl&y 4-bromo-2,6-dimethylphenol 59.9 (Aldrich) is converted, as described above, 
into the phenoxy ester 59.10. The latter compound is then coupled, in dimethylformamide 
solution at ca. eO'C, with cyclohexenone 59.11, in the presence of 

25 tetrakis(triphenylphosphine)palladium(0) and triethylamine, to yield the cyclohexenone 59.12. 
The enone is then reduced to the saturated ketone 59.13, by means of catalytic hydrogenation 
employing 5% palladium on carbon as catalyst. The saturated ketone is then reacted with an 
equinotolar amount of a dialkyl aminoethy^hosphonate 59.14, prepared as described in J. Org. 
Ghem., 2000, 65, 676, m the presence of sodium cyanoborohydride, to yield the amine 59.15. 

30 Hydrolysis, en[5)loying lithium hydroxide in aqueous methanol at ambient temperature, then 
yields the acetic acid 59.16. 



-346- 



wo 03/090690 



PCT/US03/12901 



Using the above procedures, but employing^ in place of 4-bromo-2,6-diniethylphenol 59.9, 
different bromo-substituted 2,6-dimethylphenols 59.2, and/or different cycloalkenones 59.4, 
and/or different dialkyl aminoalky^hosphonates 59.7, the corresponding products 59.1 are 
obtained. 

Scheme 60 illustrates the preparation of 2,6-dimethylphenoxyacetic acids incorporating a 
phosphonate group attached to the phenyl ring by means of a heteroatom and an aDsylene 
chain. The con5)Ounds are obtained by means of alkylation reactions in which an optionally 
protected hydroxy, thio or amino-substituted 2,6-diinethylphenol 60.1 is reacted, in the 
presence of a base such as, for example, potassium carbonate, and optionally in the presence 
of a catalytic amount of an iodide such as potassium iodide, with a dialkyl bromoalkyl 
phosphonate 60.2. The reaction is conducted in a polar organic solvent such as 
dimethylfonnamide or acetonitrile at from ambient temperature to about 80'C. The product 
of the alkylation reaction, 60.3 is then converted, as described above (Scheme 56) into the 
phenoxyacetic acid 60.4. 

For example, 2,6-dimethyl-4-mercaptophenol 60.5, prepared as described in EP 482342, is 
reacted in dimethylfonnamide at ca. 60X with an equimolar amount of a dialkyl bromobutyl 
phosphonate 60.6, the preparation of which is described in Synthesis, 1994, 9. 909, in the 
presence of ca. 5 molar equivalents of potassium carbonate, to afford the thioether product 
60.7, This compound is converted, employing the procedures described above, (Scheme 56) 
into the corresponding phenoxyacetic acid 60.8. 

Using the above procedures, but employing, in place of 2,6-dimethyl-4-mercaptophenol 60.5, 
different hydroxy, thio or aminophenols 60.1, and/or different dialkyl bromoalkyl 
phosphonates 60.2, the corresponding products 60.4 are obtained. 

Scheme 61 illustrates the preparation of 2,6-dimethylphenoxyacetic acids incorporating a 
phosphonate ester group attached by means of an aromatic or heteroaromatic group. In this 
procedure, an optionally protected hydrojqr, mercapto or amino-substituted 2.6- 
dimethylphenol 61.1 is reacted, under basic conditions, with a bis(halomethy])aryl or 
heteroaryl compound 61.2. Equimolar amounts of the phenol and the halomethyl compound 
are reacted in a polar organic solvent such as dimethylformamide or acetonitrile, in the 
presence of a base such as potassium or cesium carbonate, or dimethylaminopyridine, to afford 
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the ether, thioether or amino product 61.3. The product 613 is then converted, using the 
procedures described above, (Scheme 56) into the pheno^qracctic ester 61A. The latter 
compound is then subjected to an Arbuzov reaction by reaction with a trialkylphosphite 61,5 
at ca. lOO'^C to afford the phosphonate ester 61.6. The preparation of phosphonates by means 
5 of the Arbuzov reaction is described, for example, in Handb. Organophosphorus Chem., 1992, 
1 15. The resultant product 61.6 is then converted into the acetic add 61.7 by hydrofysis of 
the ester moiety, using the procedures described above, (Scheme 56). 
For example, 4-hydroxy-2,6-dimethy^phenol 61.8 (Aldrich) is reacted with one molar 
equivalent of 3,5-bis(chloromethyl)pyridine, the preparation of which is described in Eur. J. 

10 Inorg. Chem., 1998, 2, 163, to afford the ether 61.10. The reaction is conducted in 

acetonitrile at ambient temperature in the presence of five molar equivalents of potassium 
carbonate. The product 61.10 is then reacted with ethyl bromoacetate, using the procedures 
described above, (Scheme 56) to afford the phenoxyacetic ester 61.11. This product is heated 
at lOO'C for 3 hours with three molar equivalents of triethyl phosphite 61.12, to afford the 

15 phosphonate ester 61.13. Hydrolysis of the acetic ester moiety, as described above, for 

exan5>le by reaction with lithium hydroxide in aqueous ethanol, then affords the phenoxyacetic 
acid 61.14. 

Using the above procedures, but employing, in place of the bis(chloromethyl) pyridine 61.9, 
different bis(halomethyl) aromatic or heteroaromatic conq>ounds 61.2, and/or different 
20 hydroxy, mercapto or amino-substituted 2,6-dimethylphenols 61.1 and/or different trialkyl 
phosphites 61.5, the corresponding products 61.7 are obtained. 



-348- 



wo 03/090690 PCT/US03/12901 



Scheme 56 




Me , r-""^^*^® 

>> > (R^0)2P(0)-link-f- T ^ (RiO)2P(OHink -{f 



[OH] T ^lOH] 

Me Me 

^ B = Br. OH. SH, NHg etc ce^ 

56.1 ^^'^ 

Me 




(RiO)2P(0)-link' I ° . . 

Ar^o cooH 

56.6 (RiO)2P(0)-link 

56.4 

Scheme 57 
Method 

H2N(CH2)nP(0)(ORi)2 ^<%^Me 
Me 57.2 (I T 




OHC 



•^T^[OH] (R^O)2P(0){CH2)nNHCH2 i ' i 

'lile 57 3 (R'0)2P(0)(CH2)nNHCH2 

57.1 ■ 57.4 
Example 

Me H2N(CH2)2P(0)(OR^)2 Me Me 

57.5 57.6 57.7 573 




Me 



O COOH 



-349- 



wo 03/090690 PCT/US03/12901 



Scheme 58 



Method 

Br-4 




Me 



[OH] (R^O)2P(0)(CH2)nCH=CH 

Me CH2=CH(CH2)nP(0)(OR^)2 
58.1 

58.2 



Me 



(RiO)2P(0)(CH2W 



Me 
58.3 



(R^O)2P(0)(CH2)nCH=CH 



Example 



Me 
58.4 



(R^O)2P(0)(CH2)n+2 
"COOH 





CH2=CHCH2P(0)(OR^)2 



Br ^ ^OTBDMS 
Me 
58.8 



58.9 




O XOOH 




COOH 




Me 



OTBDMS 



CX>OH 



Me 
58.12 



-350- 



wo 03/090690 PCT/US03/12901 



Scheme 59 
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Preparation of benzyl carbamate compounds incorporating phosphonate groups. 

5 Scheme 62 depicts the preparation of phosphonate-^ontaining analogs of the benzyl carbaniate 
aminoacid derivative C4 in which the phosphonate moiety is either directfy attached to the 
phenyl ring or attached by means of an alkylene chain. In this procedure^ a dialkyl 
hydroxynaethylphenyl alkylphosphonate 62.1 is converted into an activated derivative 62.2, in 
which Lv is a leaving group, as described above (Scheme 55). The product is then reacted 

10 with a suitably protected aminoacid 62.3, to afford the carbamate product 62.4. The reaction 
is conducted under the conditions described above for the preparation of carbamates (Scheme 
55). The protecting group on the carboxylic acid group in the product 62.4 is then removed 
to afford the free caiboxylic acid 62.5. Methods for the protection and deprotection of 
carboxylic acids are described, for example, in Protective Groups in Organic Synthesis, by 

15 T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 224ff. 

For exan^le, as shown in Scheme 62, Exmnplt 1. a dialkyl 4-hydroxymethylphenyl 
phosphonate 62.6, prepared as described in US 5569664, is reacted with phosgene, or an 
equivalent thereof, as described above (Scheme 55), to afford the chloroformyl product 62.7. 
This compound is then reacted in an inert solvent such as dichloromethane or tetrahydrofuran, 

20 with the tert. butyl ammoacid ester 62.3, in the presence of a base such as triethylamine, to 
yield the carbamate product 62.8. The conversion of acids into tert. butyl esters is described 
in Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second 
Edition 1990, p. 245ff. The ester can be prepared by the reaction of the carboxylic acid with 
isobutylene and an acid catalyst, or by conventional esterification procedures enq)loying tert. 

25 butanoL The tert. butyl protecting group is then removed from the product 62.8, for exaiE5)le 
by reaction with trifluoroacetic acid at anobient tenq)erature for about one hour, to afford the 
carboxylic acid 62.9. 

As a further example. Scheme 62, Example 2 shows the conversion of a dialkyl 4- 
hydroxymethyl benzyl phosphonate 62.10, prepared as described in J. Am. Cheia Soc., 1996, 
30 118, 5881, into the hydroxybenztriazole derivative 62.11. The reaction is performed as 
desciibed above (Scheme 55). The activated derivative is then reacted with the aminoacid 
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derivative 62.3, as described above, to afford the carbamate 62.12. deprotection, as previously 
described, then afiEbrds the carboxyhc acid 62.13. 

Using the above procedures, but employing, in place of the phosphonates 62.6 and 62.10, 
different phosphonates 62.1, and/or different aminoacid derivatives 62.3, the correspondiag 
S products 62.5 are obtained. 

Scheme 63 depicts the preparation of phosphonate-containing analogs of the benzyl carbamate 
aminoacid derivative C4 in which the phosphonate moiety is attached to the phenyl ring by 
means of a saturated or imsaturated alkylene chain. In this procedure, a bromo-substituted 

10 benzyl alcohol 63.1 is subjected to a palladium catalyzed Heck reaction, as described above, 
(Scheme 26) with a diaOQ^l alkenyl phosphonate 63.2, to afford the olefinic product 63.3. The 
product is then converted into the activated derivative 63.4, which is then reacted with 
aminoacid derivative 62.3, as described above, to afford, after deprotection of the carboxyl 
group, the carbamate product 63.5. Optionally, the olefinic coupling product can be reduced 

IS to the saturated analog 63.6. The reduction reaction can be effected chemically, for exanc^le 
by the use of diimide or diborane, as described in Comprehensive Organic Transformations, by 
R. C. Larock, VCH, 1989, p. S. The product 63.6 is then converted, as described above, into 
the carbamate derivative 63.8. 

For exanq>le, 3-bromobenzyl alcohol 63.9 is coupled in acetonitrile solution, with a dialkyl 
20 allylphosphonate 63.10 (Aldrich), in the presence of palladium acetate, triethylamine and tri-o- 
tolylphosphine, as described in Synthesis, 1983, 556, to afford the product 63.11. Tbis 
material is then reacted with carbonyl diimidazole, as described above, (Scheme 55) to afford 
the imidazoiide 63.12. The product is then coupled with the aminoacid derivative 62.3, to 
afford after deprotection, the product 63.13. Alternatively, the unsaturated phosphonate 
25 63.11 is reduced, for example by reaction with diborane in tetrahydrofuran at ambient 

temperature, as described in Comprehensive Organic Transformations, by R. C. Larock, VCH, 
1989, p. 5., to afford the saturated analog 63.14. The latter confound is then transformed, as 
described above, iato the carbamtate aminoacid derivative 63.15. 

Using the above procedures, but en9>loying, in place of the 3-bromobenzyl alcohol 63.9, 
30 different bromobenzyl alcohols 63.1, and/or different alkenyl phosphonates 63.2, and/or 
different amino acid derivatives, the corresponding products 63.5 and 63.8 are obtained. 

a 
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Scheme 64 depicts the preparation of phosphonate-contaising analogs of the benzyl carbamate 
aminoacid derivative C4 in which the phosphonate moiety is attached to the phenyl ring by 
means of an ammo-containing alkylene chain. In this procediure, a formyl-substituted benzyl 
alcohol 64.1 is converted, using the procedm-es described above is Schemes 55 and 63, into 

5 the aminoacid carbamate derivative 64.2. The product is then subjected to a reductive 
amination reaction with a dialkyl aminoalkyl phosphonate 643, to afford the phosphonate 
product 64.4. Reductive amination of carbonyl conipounds is described above (Scheme 27). 
For exairple, 3-forrayl benzyl alcohol 64.5 is converted into the carbamate derivative 64.6. 
The product is then reacted in ethanol solution at ambient ten5)erature with a dialkyl 

10 aminoethyl phosphonate 64.7, the preparation of which is described in J. Org. Chem., 2000, 
65, 676, in the presence of sodium cyanoborohydride, to yield the phosphonate product 64.8. 
Using the above procedures, but employing, in place of the 3-formyIbenzyl alcohol 64.5, 
different fomqrlbenzyl alcohols 64.1, and/or different amdnoalkyl phosphonates 64.3, the 
corresponding products 64.4 are obtained. 

15 

Scheme 65 depicts the preparation of phosphonate-containing analogs of the benzyl carbamate 
aminoacid derivative C4 in which the phosphonate moiety is attached to the phenyl ring by 
means of an O, S or N-alkyl-containing alkylene chain. In this procedure, a chloromethyl- 
substituted ben^l alcohol 65.1 is reacted with a dialkyl hydroxy, mercapto or alkylaminoalkyl 

20 phosphonate 65.2. The aftylation reaction is conducted between equimolar amounts of the 
reactants in a polar organic solvent such as dimethylformamide or acetonitrile, in the presence 
of an inorganic or organic base, such as diisopropylethylamine, dimethylaminopyridine, 
potassium carbonate and the like. The allqrlated product 653 is then converted, as previously 
described, into the carbamate aminoacid derivative 65.4. 

25 For exanq>le, 4-chloromethyIbenzyl alcohol 65.5, (Aldrich) is reacted at ca. 60'C in 

acetonitrile solution with a dialkyl hydroxypropyl phosphonate 65.6, the preparation of which 
is described in Zh. Obschei Khim., 1974, 44, 1834, in the presence of dimethylaminopyridine, 
to afford the ether product 65.7. The product is then converted, as previously described, into 
the carbamate d^ivative 65.8. 

30 Using the above procedures, but employing, in place of 4-(chloromethyl)benzyl alcohol 653, 
different chloromethyl benzyl alcohols 65.1, and/or different hydroxy, mercapto or alkylamino 
phosphonates 65.2, the corresponding products 65.4 are obtained. 

-355- 



wo 03/090690 



PCTAJS03/12901 



Scheme 62 
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Scheme 63 
Method 
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Preparation of pyridinylojgTuethyl piperidine derivatives incorporating phosphonate 



groups. 



Scheme 66 illustrates the preparation of phosphonate-containing analogs of the amine A12 in 
which the phosphonate moiety is attached to the pyridine ring by means of a heteroatom and 
an alkylene chain. In this procedure, 2-bromo-4-hydroxymethy]pyridine, the preparation of 
which is described in Chem. Pharm. BulL, 1990, 38, 2446, is subjected to a nucleophilic 



-358- 



wo 03/090690 



PCT/US03/12901 



displacement reaction with a dialkyl hydroxy, thio or andnoalkyl-substituted alkyl phosphonate 
66.2. The preparation of pyridine eth^ thioethers and amines by means of displacement 
reactions of 2-hromopyridines by alcohols, thiols and amines is described, for example, in 
Heterocyclic Confounds, Volume 3, R. A. Ahramovitch, eA, Wiley, 1975, p. 597, 191, and 
5 41 respectively. Equimolar amounts of the reactants are combined in a polar solvent such as 
dimethylformamide at ca 100°C in the presence of a base such as potassium carbonate. The 
displacement product 66*3 is then converted into the activated derivative 66.4, in which Lv is 
a leaving group such as halo, noethanesulfonyloxy, p-tohienesulfonylo:^ and the like. The 
conversion of alcohols into chlorides and bromides is described, for example, in 

10 Comprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 354ff and p, 356ff. 
For exanq)le, benzyl alcohols can be transformed into the cUoro conq>oimds, in which Ha is 
chloro, by reaction with triphenylphosphine and N-chlorosuccinimide, as described in J. Am. 
Chem. Soc, 106, 3286, 1984. Benzyl alcohols can be transformed into hromo conq)ounds by 
reaction with carbon tetrabromide and triphenylphosphine, as described in J. Am. Chem. Soc, 

15 92, 2139, 1970. Alcohols can be converted into sulfonate esters by treatment with the alkyl or 
aiyl sulfonyl chloride and a base, in a solvent such as dichloromethane or pyridine. Preferably, 
the carbinol 66.3 is converted into the corresponding chloro compound, 66.4, in which Lv is 
CI, as described above. The product is then reacted with the piperidinol derivative 66.5. The 
preparation of the coropounds 66.5 is desaibed in U.S. 5,614,533, and in J. Org. Chemu, 

20 1997, 62, 3440. The piperidinol derivative 66.5 is treated in dimethylformamide with a strong 
base such as sodium hydride, and the alkylating agent 66.4 is then added. The reaction 
proceeds to afford the ether product 66.6, and the BOC protecting group is then removed to 
yield the free amine compoxmd 66.7. The removal of BOC protecting groups is described, for 
exan5)le, in Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, 

25 Second Edition 1990, p. 328. The deprotection can be effected by treatment of the BOC 

compound with anhydrous acids, for exaiiq)le, hydrogen chloride or trifluoroacetic acid, or by 
reaction with trimethylsilyl iodide or aluminum chloride. Preferably, the BOC group is 
removed by treatment of the substrate 66.6 with hydrochloric acid, as described in J. Org. 
Chem., 1997, 62, 3440. 

30 For exaiiq)le, 2-bromD-4-hydroxymethylpyridine 66.1 the preparation of which is described in 
Chem. Pharm. Bull, 1990, 38, 2446, is reacted in dimethylfoimamide solution at ca 80''C with 
an equimolar amount of a dialkyl mercaptoethyl phosphonate 66.8, prepared as described in 



-359- 



wo 03/090690 



PCT/US03/12901 



ZtL ObscheL Khm, 1973, 43, 2364, and potassium carbonate, to yield the tbioether product 
66.9. The product is then reacted with one molar equivalent of naethanesulfonyl chloride in 
pyridine at 0"C, to produce the mesylate compound 66.10. This material is reacted with the 
piperidinol reagent 66.5, using the conditions described above, to afford the ether 66.11. The 
BOC protecting group is then removed as previously described, to afford the amine product 
66.12. 

Using the above procedures, but enq^loying, in place of the mercaptoethyl phosphonate 66.8, 
different hydroxy, mercapto or alkylamino phosphonates 66.2, the corresponding products 
66.7 are obtained. 

Scheme 67 illustrates the preparation of phosphonate-containing analogs of the amine A12 in 
which the phosphonate moiety is directly attached to the pyridine ring. In this procedure, a 
bromo-substituted 4-hydroxymethylpyridine 67.1 is coupled, in the presence of a palladium 
catalyst, with a dialkyl phosphite 67 J. The reaction between aryl bromides and dialkyl 
phosphites to yield aryl phosphonates is described in Synthesis, 56, 1981, and in J. Med. 
Chem, 1992, 35, 1371. The reaction is conducted in an inert solvent such as toluene or 
xylene, at about lOO'C, in the presence of a palladium(0) catalyst such as 
tetrakis(triphenylphosphine)palladium and a tertiary organic base such as triethylamine. The 
thus-obtained pyridylphosphonate 67.3 is then converted, as described above (Scheme 66) into 
an activated derivative 67.4, and the latter compound is transformed as described above into 
the amine 67.5. 

For example, 3-bromo-4-hydroxymethy^)yridine 67.5, prepared as described in Bioorg. Med. 
Chem Lett., 1992, 2, 1619, is reacted with a dialkyl phosphite 67.2, as described above, to 
prepare the phosphonate 67.7. The product is then transformed into the chloro derivative by 
reaction with triphenyl^hosphine and N-chlorosuccinimide, and the product is converted, as 
described above (Scheme 66) into the amine 67.9. 

Using the above procedures, but employing, in place of the 3-bromopyridine derivative 67.6, 
different bromopyridines 67.1, and/or different phosphites, the corresponding products 67.5 
are obtained. 

Scheme 68 illustrates the preparation of phosphonate-containing analogs of the amine A12 in 
which the phosphonate moiety is attached to the pyridine ring by means of an amine group and 
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an alkyl chain. In this procedure, an amino-substituted 4-hydroxymethylpyridine 68.1 is 
subjected to a reductive amination reaction with a dialkyl formylalkyl phosphonate 68^. The 
preparation of amines by means of reductive amioation procedures is described, for exanaple, 
in Comprehensive Organic Transformations, by R. C Larock, VCH, p. 421, and in Advanced 

5 Organic Chemistry, Part B, by RA. Carey and R. J. Sundberg, Plenum, 2001, p. 269. In this 
procedure, the amine con^nent and the aldehyde or ketone component are reacted together 
ia the presence of a reducing agent such as, for example, borane, sodium cyanoborohydride, 
sodium triacetoxyborohydride or diisobutylahuninum hydride, optionally in the presence of a 
Lewis acid, such as titanium tetraisopropoxide, as described in J. Org. Chem., 55, 2552, 1990. 

10 The amine product 683 is then converted, as described above, into the piperidine derivative 
68.5. 

For example, 2-amino-4-hydroymethylpyridine 68.6, prepared as described in Aust. J. Chem., 
1993, 46, 9897, is reacted in ethanol solution with a dialkyl formylmethylphosphonate 68.7, 
prepared as described in Zh. Obschei Khim., 1987, 57, 2793, in the presence of sodium 

15 cyanoborohydride, to yield the amine product 68.8. This material is then transformed into the 
chloro derivative 68.9 by reaction with hydrogen chloride in ether. The chloro product is then 
transformed, as described above, into the piperidine derivative 68.10. 
Using the above procedures, Tiut eiiq)loying, in place of the 2-aminopyridine derivative 68.6, 
different aminopyridines 68.1, and/or different formylalkyl phosphonates 68.2 the 

20 corresponding products 68.5 are obtained. 

Scheme 69 illustrates the preparation of phosphonate-containing analogs of the amine A12 in 
which the phosphonate moiety is attached to the pyridine ring by means of a saturated or 
unsaturated alkyl chain. In this procedure, a faromo-substituted 4-hydroxymethylpyridine 69.1 

25 is coupled, by means of a palladium-catalyzed Heck reaction, with a dialkyl alkenyl 

phosphonate 69.2. The coupling of aryl bromides and olefins is described above (Scheme 26). 
The product is then converted, as described above, into the piperidine derivative 69.5. 
Optionally, the latter conqpound can be reduced, for exanaple as described above in 
Scheme 26, to afford the saturated analog 69.6. 

30 For example, 3-bromo-4-hydroxymethy^pyridine 69.7, prepared as described in Bioorg. Med. 
Chem. Lett., 1992, 2, 1619, is coupled with a dialkyl vinylphosphonate 69.8, prepared as 
described in Synthesis, 1983, 556, to yield the olefinic product 69,9. The product is reacted 
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with one molar equivalent of p-toluenesulfonyl chloride in pyridine at ambient tenqierature to 
afford the tosylate 69.10. The latter compound is then transformed, as previously described, 
into the piperidine derivative 69.11. Optionally, the latter conipound is reduced, for exan^le 
by reaction with diimide, to yield the saturated analog 69.12. 

Using the above procedures, but employing, in place of the 3-bromopyridine derivative 69.7, 
different bromopyridines 69.1, and/or different alkenyl phosphonates 69.2 the corresponding 
products 69.5 and 69.6 are obtained. 
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Method 




OH 



II CH2=CH(CH2)nP(0)(ORl)2 
N ^ 



69.1 



69.2 



Example 



OH 




OH 




Lv 



CH=CH(CH2)nP{0)(ORl)2 |[ 4-CH=GH(GH2)nP(0)(OR^)2 



69.3 



69.4 





CONHR'* 



CH=CH(CH2)nP(0)(0R^ )2 



69.5 




pONHR'* 



N 



(CH2)n+2P(0)(ORl)2 



3^ CH2=CHP(0)(OR^)2 



69.8 




CH=CHP(0)(0R^)2 



69.6 



OTs 




CH=CHP(0)(0R^)2 



pONHR'* 



AsJ:h=chp(o)(or')2 
I J 

N 
69.11 




CONHR"^ 



J>^(CH2)2P{0)(OR')2 



N 



69.12 



-365- 



wo 03/090690 



PCTAJS03/12901 



6«eral appBcability of methods for introduction of phosphonate substituents. 

The procedures described horein for the introduction of phosphonate moieties are, with 
appropriate modifications, transferable to different chemical substrates. For exan5)le, the 
methods described above for the introduction of phosphonate groups into the quinoline-2- 
caiboxylic moiety (Schemes 24-27), can, with appropriate modifications known to those 
skilled in the art, be applied to the introduction of phosphonate groups into the phenylalanine, 
thiophenol, tert-butylamine and decahydroisoquinoline moieties. Similarly, the methods 
described above for the introduction of phosphonate groups into the phenylalanine moiety 
(Schemes 28-34), the thiophenol moiety (Schemes 35-44) the tert-butylamine moiety 
(Schemes 45-48), decahydroisoquinoline moiety (Schemes 48a-52), dimethylphenoxyacetic 
acids (Schemes 56 - 61). benzyl carbamates (Schemes 62 - 65) and pyridines (Schemes 66 - 
69) can, with appropriate modifications known to those skilled in the art, be applied to the 
introduction of phosphonate groups into the quinoline-2-carboxylic acid conqponent. 

Preparation of (Pyridin-3-yloxy)-acetic acids incorporating phosphonate moieties. 

Scheme 70 illustrates two alternative methods by means of which (pyridin-3-yloxy)-acetic 
acids bearing phosphonate moieties may be prepared. The phosphonate group may be 
introduced into the pyridyl moiety, followed by attachment of the acetic acid group, or the 
phosphonate group may be introduced into a preformed (Pyridin-3-yloxy)-acetic acid 
intermediate. In the first sequence, a substituted 3-hydroxypyridine 70.1, in which the 
substituent B is a precursor to the group link-P(0)(0R^)2, and in which the aryl hydroxyl may 
or may not be protected, depending on the reactions to be performed, is. converted into a 
phosphonate-containing conq)Ound 70J2. Mediods for the conversion of the substituent B into 
the group link-P(0)(0R^)2 are described in Schemes 25 - 75. 

The protected aryl hydroxyl group present in the phosphonate-containing product 70.2 is then 
deprotected, using methods described below, to afiford the phenol 70.3. 
The product 70.3 is then transformed into the corresponding (pyridin-3-yloxy) acetic acid 
70.4, in a two step procedure. In the first step, the phenol 703 is reacted with an ester of 
bromoacetic acid 70.9, in which R is an alkyl group or a protecting group. Metiiods for the 
protection of carboxylic acids are described in Protective Groups in Organic Synthesis, by 
T. W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 224ff. The alkylation of aryl 
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hydroxyl groups to afford aryl ethers is described, for example, in Coiqprehensive Organic 
Transfonnations, by R. C. Larock, VCH, 1989, p. 446fif. Typicafly, the aryl reagent and the 
alkylating agent are reacted together in the presence of an organic or inorganic base, such as, 
for exaiqple, diazaWcyclononene, (DBN) or potassium carbonate, in a polar organic sohrent 
such as, for exanq)le, dimethylfonnamide or acetonitrile. 

Preferably, equimolar amounts of the phenol 70.3 and ethyl bromoacetate are reacted together 
in the presence of cesium carbonate, in dioxan at reflux tenqperature, for example as described 
in U.S. Patent 5,914,332, to afford the ester 70.4. 

The thus-obtained ester 70.4 is then hydrotyzed to afford the carboxyUc acid 703. The 
methods used for this reaction depend on the nature of the group R. If R is an alkyl group 
such as methyl, hydrolysis can be effected by treatment of the ester with aqueous or aqueous 
alcoholic base, or by use of an esterase enzyme such as porcine liver esterase. If R is a 
protecting group, methods for hydrolysis are described in Protective Groups in Organic 
Synthesis, by T.W. Greene and P.GJM Wuts, Wiley, Second Edition 1990, p. 224ff. 
Preferably, the ester product 70.4 which R is ethyl is hydrolyzed to the carboxyhc acid 70.5 by 
reaction with Uthium hydroxide hi aqueous methanol at ambient temperature, as described in 
U.S. Patent 5,914,332. 

Alternatively, an appropriately substituted 3-hydroxypyridine 70.6, io which the substituent B 
is a precursor to the group link-P(0)(0R^)2, is transformed into the corresponding acetic acid 
ester 70.7. The conditions employed for the alkylation reaction are similar to those described 
above for the conv^ion of the phenol 703 into the ester 70.4. 

The acetic acid ester 70.7 is then converted into the carboxylic acid 70.5 using the 2 step 
procedure shown above, involving transformation of the group B into the group link- 
P(0)(0R*)2 followed by ester hydrolysis of the acetic acid ester. The group B which is 
present in the ester 70.7 may be transformed into the group link-P(0)(0R^)2 either before or 
after hydrolysis of the ester moiety into the carboxylic acid group, depending on the nature of 
the chemical transformations required. 

Schemes 70-75 illustrate the preparation of (Pyridin-3-yloxy)-acetic acids incorporating 
phosphonate esta: groups. The procedures shown can also be applied to the preparation of 
acetic esters acids 70.7, with, if appropriate, modifications made according to the knowledge 
of one skilled in the art. 
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Scheme 71 depicts the preparation of (pyridiii-3-yloxy) acetic acids incorporating a 
phosphonate group linked to the pyridyl ring by means of a saturated or unsaturated alkylene 
chairt In this procedure, an optionally protected halo-substituted 3-hydroxypyridine 71.1 is 
coupled, by means of a palladiumrcatalyzed Heck reaction, with a dialkyl aDcenyl phosphonate 

5 71.2. The coupling of aryl bromides with olefins by means of the Heck reaction is described, 
for example, in Advanced Organic Chemistry, by R A. Carey and R. J. Sundberg, Plenum, 
2001, p. 503. The aryl halide and the olejBn are coupled in a polar solvent such as 
dimethylformamide or dioxan, in the presence of a palladimn(0) or palladium (2) catalyst. 
Following the coupling reaction, the product 71.3 is converted, using the procedures described 

10 above, (Scheme 70) into the corresponding (pyridin-3-yloxy) acetic acid 71.4. Alternatively, 
the olefinic product 713 is reduced to afiFord the saturated derivative 71.5. Methods for the 
reduction of carbon-carbon double bonds are described, for exanq)le, in Comprehensive 
Organic Transformations, by R. C. Larock, VCH, 1989, p. 6. The methods include catalytic 
reduction, or chemical reduction employiog, for example, diborane or diimide. Following the 

15 reduction reaction, the product 71.5 is converted, as described above, (Scheme 70) into the 
corresponding (pyridin-3-yloxy) acetic acid 71.6. 

For exan^le, 2-iodo-5-hydroxy pyridine 71.7, prepared as described in J. Org. Chem., 1990, 
55, 18, p. 5287, is converted into the tert-butyldimethylsilyl ether 71.8, by reaction with 
chloro-tert-butyldimethylsilane, and a base such as imidazole, as described in Protective 

20 Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990 
p. 77. The product 71.8 is reacted with an equimolar amount of a dialkyl allyl phosphonate 
71.9, for example diethyl ally^hosphonate (Aldrich) in the presence of ca. 3 mol % of 
bis(tnphenylphosphine) palladium(II) chloride, in dimethylfomaamide at ca. 60"C, to produce, 
the coupled product 71.10. Alternatively see J. Med. Chem. 1999, 42, 4, p. 669 for altemative 

25 conditions for this reaction. The silyl group is removed, for example by the treatment of the 
ether 71.10 with a solution of tetrabutylammonium fluoride ia tetrahydrofuran, as described in 
J. Am. Chem., Soc, 94, 6190, 1972, to afford the phenol 71.11. This compound is converted, 
employing the procedures described above, (Scheme 70) into the corresponding (pyridin-3- 
yloxy) acetic acid 71.12. Altemativety, the imsaturated conipound 71.11 is reduced, for 

30 exan^le by catalytic hydrogenation employing 5% palladiiun on carbon as catafyst, in an 

alcoholic solvent such as methanol, as described, for example, in Hydrog^ation Methods, by 
R. N. Rylander, Academic Press, 1985, Ch. 2, to afford the saturated analog 71.13. This 
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confound is converted, en^loying the procedures described above, (Scheioe 70) into the 
corresponding (pyndin-3-yloxy) acetic acid 71.14. 

Using the above procedures, but employing, in place of 2-iodo-5-hydroxy pyridine 71«7, 
different iodo or bromohydroxypyridines 71.1, and/or different dialkyl alkenyl phosphonates 
5 71J2y the corresponding products 71.4 and 71.6 are obtained. 

In this and succeeding exa^^)les, the nature of the phosphonate ester group can be varied, 
either before or after incorporation into the scaffold, by means of chemical transformations. 
The transformations, and the methods by which they are accomplished, are described above 
(Scheme 54). 

10 

Scheme 72 illustrates the preparation of phosphonate-<;ontaining analogs of (pyridin-3-yloxy) 
acetic acids in which the phosphonate moiety is attached to the pyridine ring by means of a 
heteroatom and an alkyl chain. In this procedure, a suitably protected 2-halo-5- 
hydroxypyridine, (see Scheme 71) is subjected to a nucleophilic displacement reaction with a 

IS dialkyl hydroxy, thio or aminoalk/l-substituted alkyl phosphonate 72.2. The preparation of 
pyridine ethers, thioethers and amines by means of displacement reactions of 2- 
bromopyridines, by alcohols, thiols and amines is described, for example, in Heterocyclic 
Con^oimds, Volume 3, R. A. Abramovitch, ed., Wiley, 1975, p. 597, 191, and 41 
respectively. Equimolar amounts of the reactants are conobined in a polar solvent such as 

20 dimethylformamide at ca 100°C in the presence of a base such as potassium carbonate. The 
displacement product 72.3 is then conv^ted into the hydroxyl derivative 72.4 and then into 
the (pyridia-3-yloxy) acetic acid phosphonate ester 72.5 using the procedures described above 
(Scheme 70). 

For exanaple, 2-iodo-5-hydroxypyridine 71.7 (Scheme 71) is treated with benzyl bromide in 
25 the presence of base such as potassium carbonate as described in Protective Groups in Organic 
Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Third Edition 1999, p. 266 to give 72.6. 
The benzyl ether 72.6 is reacted in dinoethylformamide solution at ca SO'^C with an equimolar 
amount of a dialkyl mercaptoethyl phosphonate 72.7, prepared as described in Zh. ObscheL 
KhiuL, 1973, 43, 2364, and potassium carbonate, to yield the thioether product 72.8. The 
30 benzyl group is then removed by catalytic hydrogenation employing 5% palladium on carbon 
as catalyst, in an alcoholic solvent such as methanol, as described, for example, in Protective 
Groups in Organic Synthesis, by T.W. Greene and P.GJSl Wuts, Wiley, Third Edition 1999 p. 
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266ff., to afford the hydroxyl conq[}Ound 72,9. The product 72.9 is then converted into the 
(pyridin-3-yloxy) acetic acid phosphonate ester 72.10 using the procedures described above 
(Scheme 70). 

Using the above procedures, but en5)loying, in place of the mercaptoethyl phosphonate 72.7, 
5 different hydroxy, mercapto or alkylamino phosphonates 72.2, and/or in place of the pyridine 

71.7 different halo pyridines 71.1, the corresponding products 72.5 are obtained. 

Scheme 73 iDustrates the preparation of phosphonate-containing analogs of (pyridin-3-yloxy) 
acetic acids in which the phosphonate moiety is directly attached to the pyridine ring. In this 

10 procedure, a suitably protected 2-hromo-5-hydroxypyridine 73.1 is coupled, in the presence of 
a palladium catalyst, with a dialkyl phosphite 73.2. The reaction between aryl bromides and 
dialkyl phosphites to yield aryl phosphonates is described in Synthesis, 70, 1981, and in J. 
Med. Chem., 1992, 35, 1371. The reaction is conducted in an iaert solvent such as toluene or 
xylene, at about lOO'C, in the presence of a palladium(0) catalyst such as 

15 tetrakis(triphenylphosphine)palladium and a tertiary organic base such as triethylamine. The 
thus-obtained pyridylphosphonate 73.3 is then converted, as described above (Scheme 72) into 
the (pyridin-3-yloxy) acetic acid phosphonate ester 73.5. 

For example, 3-bromo-5-hydroxypyridine 73.6 (SynchemrOHG) is treated with benzyl 
bromide in the presence of base such as potassium carbonate as described in Protective 
20 Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, WSley, Third Edition 1999, p. 
266 to give 73.7. The product 73.7 is then treated with a dialkylphosphite 73 as described 
above to give the phosphonate 73.8. En^loying the conditions described above (Scheme 72) 

73.8 is converted in several steps to the (pyridin-3-yloxy) acetic acid phosphonate ester 73.10. 
Using the above procedures, but eiqploying, in place of the 3-bromopyridine derivative 73.6, 

25 different bromopyridines 73.1, and/or different phosphites, the corresponding products 73.5 
are obtained. 

Scheme 74 illustrates the preparation of (pyridin-3-yloxy) acetic acids incorporating a 
phosphonate group attached to the pyridyl ring by n[ieans of a heteroatom and an alkylene 
30 chain. The con:q>ounds are obtained by means of alkylation reactions in which an hydroxy, 
thio or amino-substituted 3-hydroxy pyridine 74.1, protected at the 3-hydroxyl position is 
reacted, in the presence of a base such as, for exaaspl^, potassium carbonate, and optionally in 
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the presence of a catalytic amount of an iodide such as potassium iodide, with a dialkyl 
hromoalkyl phosphonate 74.6. The reaction is conducted in a polar organic solvent such as 
dimethytformaniide or acctonitrile at from ambient temperature to about 80*'C. The product 
of the alkylation reaction, 74.2 is then converted, as described above for converting 72.3 to 
5 72.5 (Scheme 72) into the acid 74.5. 

Alternatively, the protected pyridine 74.7 is converted to the acetic acid ester derivative 74.8 
using the procedures described above in Scheme 70. The acetic acid ester 74.8, is then 
deprotected following the procedures described in Protective Groups in Organic Synthesis, by 
T.W. Greene and P.GM Wuts, Wiley, Third Edition 1999, ch 3,6, and 7, and the product 
10 treated with a dialkyl bromoalkyl phosphonate 74.6 to give 74.4. The ester 74.4 is converted 
to the acid 74.5 using the procedures described above (Scheme 70). 

For example, 3-benzyloxy, 5-hydroxy pyridine 74.10, prepared as described Bioorg and Med. 
Ch&m. Lett. 1998, p. 2797, is converted to the ester 74.11 by treatment with 
ethylbromoacetate as described above (Scheme 70). The benzyl group is removed, for 

15 example by catalytic hydrogenarion employing 5% palladium on carbon as catalyst, in an 

alcoholic solvent such as methanol, as described, for example, in Hydrogenation Methods, by 
R. N. Rylander, Academic Press, 1985, Ch. 2, to afford the hydroxy pyridine 74.12. The 
product 74.12 is reacted in dknethylformamide at ca. 60"C with an equimolar amount of a 
dialkyl bromobutyl phosphonate 74.14, the preparation of which is described ia Synthesis, 

20 1994, 9, 909, in the presence of ca. 5 molar equivalents of potassium carbonate, to afford the 
. phosphonate ether product 74.13. This compound is converted, en5)loying the procedures 
described above, (Scheme 70) into the corresponding acid 74.15. 

Using the above procedures, but employing, in place of the pyridine 74.10, different hydroxy, 
thio or aminophenols 74.1, and/or different dialkyl bromoalkyl phosphonates 74.6, the 
25 corresponding products 74.5 are obtained. 

Scheme 75 illustrates the preparation of (Pyridin-3-yloxy)-acetic acids incorporating a 
phosphonate ester which is attached to the pyridyl group by means of a carbon chain 
incorporating a nitrogen atom. The compoimds 75.4 are obtained by means of a reductive 
30 allqrlation reaction between hydroxyl protected 3-hydroxypyridyl aldehyde 75.1 and an 
^ . . aminoalkyl phosphonate ester 75.2. The preparation of amines by noeans of reductive 

amination procediires is described, for example, ia Coiiq)rehensive Organic Transformations, 
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by R. C. Larock, VCtt, p. 421. In this procedure, the amine coDOponent 75 J, and the aldehyde 
conQ)onent 75.1 are reacted together in the presence of a reducing agent such as, for exanqple, 
borane, sodium cyanoborohydride or diisobutylakuninum hydride, to yidd the amine product 
75.3. The ammation product 75.3 is then deprotected according to procedures described in 
5 Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wfley, Third 
Edition 1999, ch3, and subsequmtly converted into the (pyridin-3-yloxy) acetic acid 
conq>oimd 75.4, using the alkylation and ester hydrolysis procedures described above (Scheme 
70). 

For exan5)le, the ester 75.5 (TCI-US) is reacted with benzyl bronridc in the presence of base 
10 such as potassium carbonate as described in Protective Groups in Organic Synthesis, by T.W. 
Greene and P.G.M Wuts, Wfley, Third Edition 1999, p. 266 to give 75.6. The benzyl ether 
75.6 is then converted to the aldehyde 75.7 by reaction with DIB AL (see Con5>rehensive 
Organic Transformations, by R. C. Larock, 2°^ Edition, 1999, p. 1267. for exaii?)les). 
Equimolar amounts of aldehyde 75.7, and a dialkyl aminoethyl phosphonate 75.8, the 
15 preparation of which is described in J. Org. Chem., 2000, 65, 676. are reacted together in the 
presence of sodium cyanoborohydride and acetic acid, as described, for example, m J. Amer. 
Chem. Soc, 91, 3996, 1969, to afford the amine product 75.9. The benzyl group is then 
removed by catalytic hydrogenation employing 5% palladium on carbon as catalyst, in an 
alcoholic solvent such as methanol, as described, for example, in Hydrogenation Methods, by 
20 R. N. Rylander, Academic Press, 1985, Ch. 2, to aflford the hydroxyl compound 75.10. The 
product 75.10 is then converted into the acetic acid 75.11, as described above (Scheme 70). 
Using the above procedures, but en5)loying, in place of the aldehyde 75.7, diBferent aldehydes 
75.1, and/or different ammoalkyl phosphonates 75.2, the corresponding products 75.4 are 
obtained. 

25 
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Scheme 70 
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Scheme 71 



71^1 (R^O)2P(0)(CH2)r; 

71 2 

Hal = CI, Br. I 



(RlO)2P{0)(CH2)n 



H 

71.3 



(RlO)2P(0)(CH2)n- 
[OH] 



♦ (R^O)2P(0)(CH2)n 



N 

71.4 



O 



OH 



rr 

N 

71.5 



[OH] 



N 
71.6 



O 



OH 



Example 



XT"- 



OTBDMS (R^O)2P(0)(CH2) 



r N 

71.7 71.8 



(Ri0)2P(0){CH)2 




OTBDMS 



71.9 



71.10 



(R^O)2P(0)(CH)2 




OH 



(RlO)2P(0)(CH)2 




OH 



(R^O)2P{0)(CH)2 




O^ ^COOH 



(R^O)2P(0)(CH)2 




O^ ^COOH 



71.14 



71.12 



-374- 



wo 03/090690 



PCTAJS03/12901 



Scheme 72 
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Scheme 73 
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Scheme 74 
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Scheme 75 
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Ritonavir-like phosphonate pro tftase inhi bitors (RLPPD 

Cheniistry for Ritonayir analogs* 

Preparation of the intermediate pfaiosphonate esters. 

The structures of the intermediate phosphonate esters 1 to 7, and the structures for the 
component groups of this invention are shown in Chart 1. The structures of the 
components R^COOH, R^COOH and R"* are shown in Charts 2a, 2b and 2c. Specific 
stereoisomers of some of the structures are shown in Charts 1 and 2; however, all 
stereoisomers are utilized in the syntheses of the compounds 1 to 7. Subsequent chemical 
modifications to the compounds 1 to 7, as described herein, permit the synthesis of the final 
compounds of this invention. 
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The intermediate conqponnds 1 to 7 incorporate a phosphonate moiety connected to the 
nucleus by means of a variable linking group, designated as "link" in the attached structures. 
Charts 3 and 4 illustrate examples of the linking groups present in the structures 1-7, and in 
which "etc** refers to the scaffold, e.g., ritonavir. 

Schemes 1-28 illustrate the syntheses of the intermediate phosphonate compounds of this 
invention, 1- 5, and of the intermediate compounds necessary for their synthesis- The 
preparation of the conipounds 6 and 7, in which the phosphonate moiety is attached to the 
R^COOH or R^COOH group, is also described below. 



379 



wo 03/090690 



PCT/US03/12901 



Chart 1 Structures of the intermediate phosphonate esters 1-7 




R2a = phosphonate-containing group 




7 

= phosphonate-containing R^ group 

= H, alkyl, alkenyl, aralkyl. aryl. 
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Chart 2a Structures of the R^COOH and R^COOH componerits 
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FT* = alkyi, CHaSOgCHg.CCCHafeSOaCHa.CHaCONHg. CH2SCH3, imidaz-4-ylmethyl, 
CHgNHAc. CH2NHCOCF3 
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Chart 2b Structures of the R^COOH and R^COOH components 
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R'' = alkyi, CH2S02CH3,C(GH3)2S02CH3.CH2CONH2, CH2SCH3, imidaz-4-ylmethyl, 
CH2NHAC, CH2NHCOCF3 
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FT* = alkyi, CH2S02CH3,C(CH3)2S02CH3,CH2CONH2, CH2SCH3, imidaz-4-ylmetbyl, 
CHgNHAc, CHaNHCCXJFs 
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Chart 3 Examples of the linking group between the scaffold and the phosphonate moiety. 




single carbon 
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Chart 4 Examples of the linking group between the scaffold and the phosphonate moiety. 
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Protection of reactive substituents* 

Depending on the reaction conditions enq>loyedy it may be necessary to protect certain 
reactive substituents from unwanted reactions by protection before the sequence described, 
and to deprotect the substituents afterwards, according to the knowledge of one skilled in the 
art. Protection and deprotection of functional groups are described, for exauD^le, in Protective 
Groups in Organic Synthesis, by T*W. Grerae and P.G.M Wuts, Wiley, Second Edition 1990. 
Reactive substituents wluch may be protected are shown in the accompanying schemes as, for 
example, [OH], [SH]. 
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Preparation of the phosphonate intmnediates 1. 

Two methods for the preparation of the phosphonate intermediate compounds 1, in which the 
5 phosphonate moiety is attached to the isopropyl group of the carboxyKc acid reactant 1»5, are 
shown in Schemes 1 and 2. The selection of the route to be enqployed for a given compound 
is made afta* consideration of the substituents which are present, and their stability under the 
reaction conditions required. 

As shown in Scheme 1, 5-amino-2Hiibenzylamino-l,6-diphenyl-hexan-3-ol, 1.1, the 
10 preparation of which is described in Org. Process Res. Dev., 1994, 3, 94, is reacted with a 
carboxylic acid R^COOH 1.2, or an activated derivative th^eof, to produce the amide 13. 
The preparation of amides from carboxylic acids and derivatives is described, for exanq)le, in 
Organic Functional Group Preparations, by S.R.Sandler and W. Karo, Academic Press, 1968, 
p. 274, and Comprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 972ff: 
15 The carboxylic acid is reacted with the amine in the presence of an activating agMt, such as, 
for example, dicyclohexylcarbodiimide or diisopropylcarbodiirrride, optionally in the presence 
of hydroxybenztriazole, in a non-protic solvent such as, for example, pyridine, 
dimethylformamide or dichloromethane, to afford the amide. 

Alternatively, the carboxylic acid may fibrst be converted into an activated derivative such as 
20 the acid chloride, anhydride, imidazolide and the like, and then reacted with the amine, in the 
presence of an organic base such as, for example, pyridine, to afford the amide. 
The conversion of a carboxylic acid into the corresponding acid chloride can be effected by 
treatment of the carboxylic acid with a reagent such as, for exan^le, tbionyl chloride or oxafyl 
chloride in an inert organic solvent such as dichloromethane. 
25 Preferably, the carboxylic add 1.2 is converted into the add chloride, and the latter compound 
is reacted with an equimolar amount of the amine 1.1, in an a^rotic solvent such as, for 
exanqple, tetrahydrofuran, at ambient tenoperature. The reaction is conducted in the presence 
of an organic base such as triethylamme, so as to afford the amide 13. 

The N, N-dibenzylamino amide product 13 is then transformed into the free amine compound 
30 1.4 by means of a debenzylation procedure. Ttedeprotectwn of N-benzyl amines is 
described, for exan5)le, in Protective Groups in Organic Synthesis, by T.W. Greene and 
P.G.M Wuts, Wiley, Second Edition 1990, p 365. The transformation can be effected under 
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reductive conditions, for example by the use of hydrogen or a hydrogen donor, in the presence 
of a paDadium catalyst, or by treatment of the N-benzyl anrine with sodhim in liquid ammonia, 
or under oxidative conditions, for example by treatment with S-chloroperoxybenzoic acid and 
ferrous chloride. 

Preferably, the N, N-dibenzyl con5)ound 13 is converted into the amine 1.4 by means of 
hydrogen transfer catalytic hydrogenolysis, for cxamplo^ by treatment with methanolic 
anomonium formate and 5% palladium on carbon catalyst, at ca. 75"C for ca. 6 hours, for 
example as described in U.S. Patent 5,914,332. 

The thus-obtained amine 1.4 is then transformed into the amide 1.6 by reaction with the 
carboxylic acid 1.5, or an activated derivative thereof in which the substituent A is either the 
group link-P(0)(0R^)2 or a precursor thereto. Preparations of the carbo^^lic adds 13 are 
described below. Schemes 13 - 15. The amide-forming reaction is conducted under similar 
conditions to those described above for the preparation of the amide 1.3. 
Preferably, the carboxylic acid is converted into the acid chloride, and the acid chloride is 
reacted with the amine 1.4 in a solvent mixture composed of an organic solvent such as ethyl 
acetate, and water, in the presence of a base such as sodium bicarbonate, for oxan^le as 
described in Org. Process Res. Dev., 2000, 4, 264, to afford the amide product 1.6. 
Schen» 2 iDustrates an alternative method for the preparation of the phosphonate-containing 
diamides 1. In this procedure, 2-phenyl-l-[4-phenyl-2-(l-vinyl-propenyl)- 
[l,3,2]oxazaborinan-6-yl]-ethylamine 2.1, the preparation of which is described in WO 
9414436, is reacted with the carboxylic acid R^COOH 1.2, or an activated derivative thereof, 
to afiford the amide product 2.2. The reaction is effected en5)loying the same conditions as 
were described above for the preparation of the amide 13. Preferably, equimolar amounts of 
the acid cWoiide draved from the carboxylic acid 1.2 is reacted with the amine 2.1 in a polar 
^otic solvent such as tetrahydrofuran or dimethylformamide, at from ambient ten5)erature to 
about -60*C, in the presence of an organic or inorganic base, to produce the amide 2.2. The 
product is then reacted with the carboxylic acid 1.5, or an activated derivative thereof, to 
a£ford the amide 1.6. The anride-forming reaction is conducted imder similar conditions to 
those described above for the preparation of the amide 13. Preferably, the acid 1.5 and the 
amine 2.2 are reacted in the presence of hydroxybenztriazole, and N-ethyl-N - 
dunethylaminopropyl carbodiimide, in tetrahydroftiran at ambient temperature, as described in 
U.S. Patent 5,484,801, to yield the amide 1.6. 
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10 



The reactions illustrated in Schemes 1 and 2 iUnstiate the preparation of the compomids 1.6 in 
which A is either the group hnk-P(0)(0R')2 or a precursor thweto. such as. for example, 
optionally protected OH, SH, NH, as described below. Scheme 3 depicts the conversion of 
the compounds 1.6 in which A is OH. SH, NH, as described below, into the con5)ounds 1 in 
which A is the group Iink.P(0)(0R')2. Procedures for the conversion of the group A into the 
group link-P(0) X0R')2 are described below, (Schemes 16-26). 

In this and succeeding examples, the nature of the phosphonate ester group can be varied, 
either before or after incorporation into the scaffold, by means of chemical transformations. 
The transformations, and the methods by which they are accomplished, are described bdow. 
(Scheme 27) 
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Scheme 1 
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Preparation of the phosphonate intermediates 2. 

Two methods for the preparation of the phosphonate intermediate compounds 2 are shown in 
5 Schemes 4 and 5. The selection of the route to be employed for a given co]3q)ound is made 
after consideration of the substituents which are present, and their stability under the reaction 
conditions required. 

As depicted in Scheme 4, the tribenzylated phenylalanine derivative 4.1, in which the 
substituent A is either the group link-P(0)(0R^)2 or a precursor thereto, as described below, is 

10 reacted with the anion 4.2 derived from acetonitrile, to afford the ketonitrile 4.3. Preparations 
of the triben2ylated phenylalanine derivatives 4.1 are described below. Schemes 16-18. 
The anion of acetonitrile is prepared by the treatment of acetonitrile with a strong base, such 
as, for exarcple, lithium hexamethyldisilylazide or sodium hydride, in an inert organic solvent 
such as tetrahydrofuran or dimethoxyethane, as described, for exanq>le, in U.S. Patent 

15 5,491,253. The solution of the acetonitrile anion 4*2, in an aprotic solvent such as 

tetrahydrofuran, dimethoxyethane and the like, is then added to a solution of the ester 4.1 at 
low tenq>erature, to afford the coupled product 4.3. 

Preferably, a solution of ca. two molar equivalent of acetonitrile, prepared by the addition of 
ca. two molar equivalent of sodium amide to a solution of acetonitrile in tetrahydrofuran at - 

20 40*C, is added to a solution of one molar equivalent of the ester 4.1 in tetrahydrofuran at - 
40T, as described in J. Org. Chem., 1994, 59, 4040, to produce the ketonitrile 4.3. 
The above-described ketonitrile conqpound 4.3 is then reacted with an organometaOic benzyl 
reagent 4.4, such as a benzyl Grignard reagent or benzyUitbium, to afford the ketoenamine 4.5. 
The reactK>n is conducted in an inert aprotic organic solvent such as diethyl ether, 

25 tetrahydrofuran or the like, at from -80°C to ambient ten^erature. 

Preferably, the ketonitrile 43 is reacted with three molar equivalents of benzyhnagnesium 
chloride in tetrahydrofuran at ambient temperature, to produce, after quenching by treatment 
with an organic carboxylic add such as citric acid, as described in J. Org. Chem, 1994, 59, 
4040, the ketoenamine 4*5. 

30 The ketoenamine 4.5 is then reduced, in two stages, via the ketoamine 4.6, to produce the 

amino alcohol 4.7. The transformation of the ketoenamine 4.5 to the aminoalcohol 4.7 can be 
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effected in one step, or in two steps, with or without isolation of the intermediate ketoamine 
4.6, as described in U,S. Patent 5,491,253. 

For example, the ketoenanndne 4,5 is reduced with a boron-containing reducing agent such as 
sodium borohydride, sodium cyanoborohydride and the like, in the presence of an add such as 
methanesulfonic acid, as described in J. Org, ChenoL, 1994, 59, 4040, to afford the ketoamine 
4.6. The reaction is performed in an ethereal solvent such as, for example, tetrahydrofuran or 
methyl tert-butyl ether. The latter conopound is then reduced with sodium borohydride- 
trifluoroacetk acid, as described in U.S. Patent 5,491.253, to aJOFord the aminoalcohol 4.7. 
Alternatively, the ketoenanadne 4.5 can be reduced to the aminoalcohol 4.7 without isolation of 
the intermediate ketoamine 4.6. In this procedure, described in U.S. Patent 5,491,253, the 
ketoenamine 4.5 is reacted with sodium borohydride-methanesulfonic acid, in an ethereal 
solvent such as dimethoxyethane and the like. The reaction mixture is then treated with a 
quenching agent such as triethanolamine, and the procedure is continued by the addition of 
sodium borohydride and a solvent such as dimethyl formamide or dimethylacetamide or the 
like, to afford the aminoalcohol 4.7. 

The aminoalcohol 4.7 is converted into the amide 4.9 by reaction with the add R^COOH 4.8, 
or an activated derivative thereof, to produce the amide 4.9. This reaction is conducted under 
similar conditions to those described above for the preparation of the amides 1.3 and 1.6. 
The dibenzylated amide product 4.9 is deprotected to afford the free amine 4.10. The 
conditions for the debenzylation reaction are the same as those described above for the 
deprotection of the dibenzyl amine 13 to yield the amiae 1.4, (Scheme 1). 
Hie amine 4.10 is then reacted with the carboxylic acid R^COOH 1.2, or an activated 
derivative thereof, to produce the amide 4.11. This reaction is conducted under similar 
conditions to those described above for the preparation of the amides 1.3 and 1.6. 

Alternatively, the andde 4.11 can be prepared by means of the sequence of reactions illustrated 
in Scheme 5. 

In this sequence, the tribenzylated amino acid derivative 4.1 is converted, by means of the 
reaction sequence shown in Scheme 4 into the dibenzylated amine 4.7. This con5)ound is then 
converted into a protected derivative, for exanq>le the tert-butoxycarbonyl (BOQ derivative 
5.1. Methods for the conversion of amines mto the BOC derivative are described in Ptotective 
Groi5)s in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, 
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p. 327. For example, the amine can be reacted with di-tert-butoxycarbonylanhydride (BOC 

anhydride) and a base, or with 2-(tert-butoxycarbonyIoxyiniino>2-phenylacetomtrile (BOC- 
ON), and the like. 

Preferably, the amine is reacted with ca. 1.5 molar equivalents of BOC anhydride and excess 
5 potassium carbonate, in methyl tert-butyl ether, at ambient temperature, for exan5)le as 

described in U.S. Patent 5,914,3332, to yield the BOC-protected product 5.1. 

The N-benzyl protecting groups are then removed from the amide product 5.1 to afford the 

free amme 5.2. The conditions for this transformation are similar to those described above for 

the preparation of the amine 1.4, (Scheme 1). 
0 Preferabty, the N. N-diben2yl compound 5.1 is converted into the anrine 5.2 by means of 

hydrogen transfer catalytic hydrogenofysis, for exan^le by treatment with methanoKc. 

ammonium formate and 5% palladium on carbon catatyst, at ca. 75°C for ca. 6 hours, for 

exanqjle as described in U.S. Patent 5,914^32. 

The amine conqyound 5.2 is then reacted with the carboxyKc acid R^COOH 1.2, or an 
> activated derivative thereof, to produce the amide 53. This reaction is conducted under 
similar conditions to those described above for the pr^aration of the amides 13 and 1.6, to 
afford the amide product 5.3. 

The latter con^pound is then converted into the amine 5.4 by removal of the BOC protecting 
group. The removal of BOC protecting groups is described, for example, in Protective 
Groups in Organic Synthesis, by T.W. Greene and P.GJ^ Wuts, Wiley, Second Edition 1990, 
p. 328. The deprotection can be effected by treatment of the BOC con^wund with anhydrous 
acids, for example, hydrogen chloride or trifluoroacetic add, or by reaction with trimetlqrlsiljd 
iodide or aluminum chloride. 

Prefeabfy, the BOC group is removed by treatinent of the substrate 53 with trifluoroacetic 
acid in dichloromethane at ambient tenqierature, for example as described in U.S. Pat^ 
5,914,232, to afford the free amine product 5.4. 

The free amine thus obtained is then reacted with the carboxylic acid R^COOH 4.8, or an 
activated derivative tiiereof, to produce tiie amide 4.11. This reaction is conducted under 
similar conditions to those described above for the preparation of the amides 13 and 1.6. 

The reactions shown in Schemes 4 and 5 ilhisti^ate the preparation of the compounds 4.11 in 
which A is eiUier the group ]ink-P(0)(0R')2 or a precursor tiiereto, such as, for example, 
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optionally protected OH, SH, NH, as described below. Scheme 6 depicts the conversion of 
the compounds 4.11 in which A is OH, SH, NH, as described below, into the compounds 2. 
Procedures for the conversion of the group A into the group link-P(O) )(OR% are described 
below, (Schemes 16-26). 
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Scheme 4 




-394- 



wo 03/090690 



PCT/US03/12901 



Preparation of the phosphonate intermediates 3. 

The phosphonate ester intermediate coiiq)ounds 3 can be prepared by two akemative methods, 
iDustrated in Schenaes 7 and 8. The selection of the route to be en5)loyed for a given 
conq>ound is made after consideration of the substituents which are present, and their stability 
under the reaction conditions required. 

As shown in Scheme 7, 4-dibenzylamino-3-oxo-5-phenyl-pentanemtrile 7.1, the preparation of 
which is described in J. Org. CheuL, 1994, 59, 4040, is reacted with a substituted 
beiLq^hnagnesiom halide reagent 7*2, in which the group B is a substituent, protected if 
appropriate, which can be converted, during or after the sequence of reactions shown in 
Scheme 7, into the moiety link-P(0)(0R^)2. Examples of the substituent B are Br, [OH], 
[SH], [NH2] and the like; procedures for the transformation of these groups into the 
phosphonate moiety are shown below in Schemes 16>26. The conditions for the reaction 
between the benzyhnagnesium halide and the ketonitrile are similar to those described above 
for the preparation of the ketoenamine 4^ (Scheme 4). 

Preferably, the ketonitrile 7.1 is reacted with three molar equivalents of the substituted 
benzyhnagnesium chloride 7*2 in tetrahydrofiiran at ambient ten:5)erature, to produce, after 
quCTtching by treatment with an organic carboxylic acid such as citric acid, as described in J. 
Org. ChenL, 1994, 59, 4040, the ketoenamine 7 J. 

The thuS'Obtained ketoenamine 73 is then transformed, via the intermediate conqjounds 7,4, 
7.5, 7.6, and 7.7 into the diacylated cari^inol 7.8. The conditions for each step in the 
conversion of the ketoenamine 73 to the diacylated carbinol 7.8 are the same as those 
described above (Scheme 4) for the transformation of the ketoenamine 4.5 into the diacylated 
carbinol 4.11. 

The diacylated carbinol 7.8 is then converted into the phosphonate ester 3, using procedures 
illustrated below in Schemes 16-26. 

Alternatively, the phosphonate esters 3 can be obtained by means of the reactions iOustrated in 
Scheme 8. In this procedure, the amine 7.5, the preparation of which is described above, 
(Scheme 7) is converted into the BOC derivative 8.1. The conditions for the iatroduction of 
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the BOC group are simflar to those described above for the protection of the amine 5.1, 
(Schenae 5). 

Preferably, the aroine is reacted with ca. 1.5 molar equivalents of BOC anhydride and excess 
potassium carbonate, in methyl tert-butyl ether, at ambient ternperature, for example as 
5 described in U.S. Patent 5,914,332, to yield the BOC-protected product 8.1. 

The BOC-protected amine 8.1 is then converted, via the intermediates 8.2, 83 and 8.4 into the 
diacylated carbinol 8.5. The reaction conditions for this sequence of reactions are simflar to 
those described above for the transformiation of the BOC-protected amine 5.1 into the 
diacylated carbinol 5.4 (Schen^ 5). 
10 The diacylated carbiaol 8.5 is then converted into the phosphonate ester 3, using procedures 
illustrated below in Schemes 16-26. 



Scheme 6 
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Scheme? 
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Scheme 8 




B = [OHJ. [SH], [NHg] etc 




Preparation of the phosphonate intermediates 4* 

Scheme 9 illustrates the preparation of the intermediate phosphonate esters 9*2 in which the 
substituent A, which is the phosphonate ester moiety or a precursor group thereto, is attached 
to one of the urea nitrogen atoms in the carboxylic acid reactant 9.1. The preparation of the 
carboxylic acid reactant 9.1 is described below. Schemes 24-25. In this procedure, the amine 
1.4, prepared as described in Scheme 1, is reacted with the caifooxylic acid 9.1, to afford the 
amide 9.2. The reaction between the amine 1.4 and the carboxylic acid 9.1, or an activated 
derivative thereof, is conducted under the san^ general conditions as those described above 
for the preparation of the amide 1.6 (Scheme 1). Preferably, the reactants are combined in the 
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presence of hydroxybenztriazole and a carbodiimide, as described in U.S. Patent 5,484,801, to 
yield the amide product 9.2, 

The procedure shown in Scheme 9 describes the preparation of the con5)ounds 9.2 in which 
the substituent A is either the group link-P(0)(OR% or a precursor group thereto, such as 
5 [Om, [SH, [NH], as described below. Scheme 10 depicts the conversion of conq)Ounds 9.2 in 
which A is [OH], [SH, [NH], into the conq)ounds 4, in which the group A has been 
transformed into the group Iink-P(0)(0R^)2. The methods for accon5)lishing this 
transformation are described below. Schemes 16-26. 



Scheme 9 




Preparation of the phosphonate intermediates 5. 

15 Scheme 11 illustrates the preparation of the intermediate phosphonate esters 11.2 in which the 
substituent A, which is the phosphonate ester moiety or a precursor group thereto, is attached 
to the valine moiety in the carboxylic acid reactant 11.1. The preparation of the carbo^Kc 
acid reactant 11.1 is described below. Scheme 26. The reaction between the amine 1.4 and the 
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carboxylic acid 11.1, or an activated derivative thereot is conducted under the same general 
conditions as those described above for the preparation of the amide 13 (Scheme 1). 
Preferably, the reactants are comMned in the presence of hydroxybenztriazole and a 
carbodiimide, as described in U.S. Patent 5,484,801, to yield the amide product 11.2. 
5 The procedure shown in Scheme 11 describes the preparation of the conq)ounds 11.2 in which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor group thereto, such as 
[OH], [SH, [NH] Ha, as described below,. Scheme 12 depicts the conversion of compounds 
11^ in which A is [OH], [SH, [NH] Br, into the compounds 5, in which the group A has been 
transforaaed into the group ]ink-P(0)(0R')2. The methods for accon^)lishing this 
10 transformation are described below. Schemes 16-26. 



Scheme 1 1 
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Preparation of carboxylic acids 1.5, with a phosphonate moiety attached to the 
isopropyl group. 

Scheme 13 illustrates the preparation of carboxylic acid reactants 1.5, in which a substituent 
A, attached to the isopropyl group, is either the group link-P(0)(0R*)2 or a precursor group 
thereto, such as [OH], [SH, [NH] Br. During the series of reaction shown m Scheme 13, the 
group A may, at an appropriate stage, be converted into the group link-P(0)(0R')2, according 
to the knowledge of one skilled in the art. Alternatively, the carboxylic acid 1.5, in which A is 
link-P(O)(0R*)2. may be iacorporated into the diamide compounds 1.6, as described above, 
(Schemes 1 and 2) before effecting the transformation of the group A into the group hnk- 
P(0)(0R^)2. 

As shown in Scheme 13, a substituted derivative of isobutyramide 13.1 is converted into the 
corresponding thioamide 13.2. The conversion of amides into thioamides is described in 
Synthetic Organic Chemistry, by R. B. Wagner and H. D. Zook, Wiley, 1953, p. 827. The 
amide is reacted with a sulfur-containing reagent such as phosphorus pentasulfide or 
Lawessson's reagent, as described in Reagents for Organic Synthesis, by L. F. Reser and M. 
Reser, Wiley, VoL 13, p. 38, to yield the thioamide 13.2. Preferably, the amide 13.1 is 
reacted with phosphorus pentasulfide in ether solution, at ambient temperature, as described in 
U.S. Patent 5,484,801, to afford the amide 13.2. The latter compound is then reacted with 
1,3-dichloroacetone 13.3 to produce the substituted thiazole 13.4. The preparation of 
thiazoles by the reaction between a thioamide and a chloroketone is described, for exarcple, in 
HeterocycKc Chemistry, by T. A Gilchrist, Longman, 1997, p. 321. Preferably, equinM)lar 
amounts of the reactants are combined in acetone solution at reflux tenq)erature, in the 
presence of magnesium sulfate, as described in U.S. Patent 5,484,801, to produce the thiazole 
product 13.4. The chloromethyl thiazole 13.4 is then reacted with methylamine to afford the 
substituted methylamine 13.6. The preparation of amines by the reaction of amines with alkyl 
halides is described, for example, in Connprehensive Organic Transformations, by R. C. 
Larock, VCH, 1989, p. 397. Typically, the components are reacted together in a polar solvent 
such as an alkanol or dimethytformamide and the like. Preferably, the chloro compound 13.4 
is reacted with excess aqueous methylamine at ambient temperature, as described in U.S. 
Patent 5,484,801, to afford the amine product 13.6. The amine is then converted into the urea 
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derivative 13JS by reaction with an activated derivative of the vaUne carbainic add 13,7, in 
which X is a leaving group such as alkanoyloxy or 4-nitrophenoxy. The preparation of ureas 
by the reaction between carbamic acid derivatives and amines is described in Chem. Rev., 57, 
47, 1957. Suitable carbamic acid derivatives are prepared by the reaction between an amine 
5 and an alkyl or aryl cUorofonnate, for exanq>Ie as described in WO 9312326. Preferably, the 
reaction is performed using carbamic acid derivative 13.7, in which X is 4-nitrophenoxy, and 
the amine 13.8; the reaction is conducted at about O'^C in an inert solvent such as 
dicUoromethane, in the presence of an organic base such as dimethylaminopyridine or N- 
methyhnorpholine, as described in U.S. Patent 5,484,801, to yield the urea product 13*8. The 

10 ester group present in the urea product 13.8 is then hydrotyzed to afford the corresponding 
carboxyhc acid 1.5. Hydrolysis methods for converting esters into carboxylic acids are 
described, for exannple, in Comprehensive Organic Transformations, by R. C. Larock, VCH, 
1989, p. 981. The methods include the use of enzymes such as pig liver esterase, and chemical 
methods such as the use of alkali metal hydroxides in aqueous organic solvent mixtures. 

15 Preferably, the methyl ester is hydrolyzed by treatment with lithium hydroxide in aqueous 
dioxan, as described in U.S. Patrat 5,848,801, to yield tl^ carboxylic add 1.5. 
Scheme 14 illustrates the preparation of the carboxylic adds 9.1 in which the group A, 
attached to the amine moiety, is either the group link-P(0)(0R^)2 or a precursor group 
thereto, such as [OH], [SH, [NH] Br. Ehiring the series of reaction shown in Scheme 14, the 

20 group A may, at an appropriate stage, be converted into the group link-P(0)(0R')2, according 
to the knowledge of one skilled in the art. Alternatively, the carboxylic acid 9.1, in which A is 
link-P(0)(OR%, may be incorporated into the diamide compounds 9.2, as described above, 
• (Schenoe 9) before effecting the transformation of the group A into the group link-P(0)(0R^)2. 
As shown in Schenoe 14, 4-chloromethyl-2-isoixropyl-thiazole 14.1, prepared as (Ascribed in 

25 WO 9414436, is reacted with an amine 14.2, in which A is as described above, to afford the 
amine 13.6. The conditions for the alkylation reaction are the same as those described above 
for the preparation of the amine 13.6. The product is then transformed, via the intermediate 
ester 14.4, into the carboxylic acid 9.1. The conditions for the reactions required to transform 
the amine 14.3 into the carboxylic add 9.1 are the same as those described above (Scheme 13) 

30 for the analogous chemical steps. 
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Schrane 15 fllustrates the preparation of the carboxylic acids 11.1 in whk* the groiq> A. 
attached to the valine moiety, is either the group link-P(0)(0R*)2 or a precursor group 
thereto, such as [OH], [SH, [NH] Br. During the series of reaction shown in Scheme 15, the 
group A may, at an appropriate stage, be converted into the group ]ink-P(0)(0R')2, according 
to tte knowledge of one skilled m the art. Alternatively, the carboxylic acid 11.1, in which A 
is ]ink-P(0)(0R^)2 may be incorporated into the diamide conqwunds 11.2, as described above, 
(Schrane 11) before effecting the transformation of the group A into the group link- 
P(0)(0R')2. 

As shown in Scheme 15, (2-isopropyl-thiazoI-4-yhnethyl)-niethyl-amine, 15.1. prepared as 
described in WO 9414436, is reacted with a substituted valine derivative 15.2, in which the 
group A is as defined above. Methods for the preparation of the valine derivatives 15.2 are 
described below. Scheme 26. The resultant ester 153 is then hydrolyzed, as described above, 
to afford the carboxylic acid 11.1 
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Scheme 13 
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Preparation of phenylalanine derivatiyes 4.1 incorporating pho^honate moieties. 

Scheine 16 iSustrates the preparation of phenylalanine derivatives incorporating phosphonate 
5 moieties attached to the phenyl ring by means of a heteroatom and an alkylene chain. The 
con5>ounds are obtained by means of alkylation or condensation reactions of hydroxy or 
mercapto-substituted phenylalanine derivatives 16.1. 

In this procedure, a hydroxy or n^rcapto-substituted phenylalanine is converted into the 
benzyl ester 16.2, The conversion of carboxylic acids into esters is described for exanq>le, in 

10 Comprehensive Organic Transformations, by R. C, Larock, VCH, 1989, p. 966. The 

conversion can be effected by means of an acid-catatyzed reaction between the carboxylic acid 
and benzyl alcohol, or by means of a base-catalyzed reaction between the carboxylic acid and a 
benzyl halide, for tX2anple benzyl chloride. The hydroxyl or mercapto substituent present in 
the benzyl ester 16.2 is then protected. Protection methods for phenols and thiols are 

15 described respectively, for example, in Protective Groups in Organic Synthesis, by T.W. 
Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 10, p 277. For example, suitable 
protecting groups for phenols and thiophenols include tert-butyldimethylsilyl or tert- 
butyldiphenylsilyl. Thiophenols may also be protected as S-adamantyl groups, as described in 
Protective Groiq)s in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second 

20 Edition 1990, p. 289. The protected hydroxy- or mercapto ester 163 is then reacted with a 
benzyl or substituted benzyl halide and a base, for example as described in U.S. Patent 
5,491,253, to afford the N, N-dibenzyl product 16.4. For example, the amine 163 is reacted 
at ca. 90'C with two molar equivalents ofhsmyl chloride in aqueous ethanol containing 
potassium carbonate, to afford the tribenzylated product 16.4, as described in U.S. Patent 
- '25 5,491,253. The protecting group present on the O or S substituent is then removed. Removal 
of O or S protecting groups is described in Protective Groups in Organic Synthesis, by T.W. 
Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 10, p. 277. For exaniple, silyl 
protecting groups are removed by treatment with tetrabutylammonium fluoride and the Bke, in 
a solvent such as tetrahydrofuran at ambient tenqperature, as described in J. Am. ChenL Soc., 
30 94, 6190, 1972. S-Adamantyl groups can be removed by treatment with mercuric 
trifluoroacetate in acetic acid, as described in Chem. Pharm. BuE, 26, 1576, 1978. 
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The resultant phenol or thiophenol 16^ is then reacted under various conditions to provide 
protected phenylalanine derivatives 16.9, 16 JO or 16.11, incorporating phosphonate moieties 
attached by means of a heteroatom and an alkylene chain. 

In this step, the phenol or thiophenol 16.5 is reacted with a diaDcyl bromoalkyl phosphonate 
16.6 to afford the product 16.9. The alkylation reaction between 16.5 and 16.6 is effected in 
the presence of an organic or inorganic base, such as, for example, diazabicyclononene, cesium 
carbonate or potassium carbonate. The reaction is performed at from ambient ten5)erature to 
ca SO^'C, in a polar organic solvent such as dimethylfonnamide or acetonitrile, to afford the 
ether or thioether product 16.9, 

For example, as illustrated in Scheme 16, Example 1, a hydroxy-substituted phenylalanine 
derivative such as tyrosine, 16.12 is converted, as described above, into the benzyl ester 16.13. 
The latter compound is then reacted with one molar equivalent of cWoro tert- 
butjddimethylsilane, in the presence of a base such as imidazole, as described in J. Am. CJienL 
Soc., 94, 6190, 1972, to afford the silyl ether 16.14. This con5)ound is then converted, as 
described above, into the triben2ylated derivative 16.15. The silyl protecting group is 
removed by treatment of 16.15 with a tetrahydroluran solution of tetrabutyl amnK>nium 
fluoride at ambient temperature, as described in J. Ara Chem. Soc, 94, 6190, 1972, to afford 
the phenol 16.16. The latter compound is then reacted in dimethylformamide at ca. 60°C, with 
one molar equivalent of a dialkyl 3-bromopropyl phosphonate 16.17 (Aldrich), in the presence 
of cesium carbonate, to afford the alkylated product 16.18. 

Using the above procedures, but employing, ia place of the hydroxy-substituted phenylalanine 
derivative 16.12, different hydroxy or thio-substituted phenylalanine derivatives 16.1 and/or 
different bromoalkyl phosphonates 16.6, the corresponding ether or thioether products 16.9 
are obtaiaed. 

Alternatively, the hydroxy or mercapto-substituted triben:q^lated phenylalanine derivative 16.5 
is reacted with a dialkyl hydroxymethyl phosphonate 16.7 under the conditions of the 
Mitsonobu reaction, to afford the ether or thioether compounds 16.10. The preparation of 
aromatic ethers by means of the Mitsonobu reaction is described, for exan5)ie, in 
Conprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 448. and in 
Advanced Organic Chemistry, Part B, by FA. Carey and R. J. Sundberg, Plenum, 2001, 
p. 153-4. The phenol or thiophenol and the alcohol component are reacted together in an 
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aprotic solvent such as, for exajmple, tetrahydrofiiran, in the presence of a dialkyl 
azodkarboxylate and a triarylphosphine, to afford the ether or thioether products 16.10. 
For exanq)le, as shown in Scheme 16, Exanjple 2, 3-mercaptophenylalanine 16.19, prepared as 
described in WO 0036136, is converted, as described above, into the benzyl ester 16.20. The 
resultant ester is then reacted in tetrahydrofiiran solution with one molar equivalent of 4- 
methoxybenzyl chloride in the presence of ammonium hydroxide, as described in Bull Chem. 
Soc. Jpn., 37, 433, 1974, to afford the 4-niethoxybenzyl tWoeth^ 16.21. This compound is 
then converted, as described above for the preparation of the compound 16.4, into the 
tribenzyl derivative 16.22. The 4-methoxybenzyl group is then removed by the reaction of the 
thioether 16.22 with mercuric trifhioroacetate and anisole in trifluoroacetic acid, as described 
in J.Qrg. Chem., 52, 4420, 1987, to afford the thiol 16.23. The latter compound is reacted, 
under the conditions of the Mitsonobu reaction, with diethyl hydroxymethyl phosphonate 16.7, 
diethylazodicarboxylate and triphenylphosphine, for example as described in Synthesis, 4, 327, 
1998, to yield the thioether product 16.24. 

Using the above procedures, but en^loying, in place of the mercapto-substituted 
phenylalanine derivative 16.19, different hydroxy or mercapto-substituted phenylalanines 16.1, 
and/or different dialkylhydroxymethyl phosphonates 16.7, the corresponding products 16.10 
are obtained. 

Alternatively, the hydroxy or mercapto-substituted tribenzylated phenylalanine derivative 16.5 
is reacted with an activated derivative of a dialkyl hydroxymethylphosphonate 16.8 in which 
Lv is a leaving group. The components are reacted together in a polar aprotic solvent such as, 
for example, dimethylformamide or dioxan, in the presence of an organic or inorganic base 
such as triethylanrine or cesium carbonate, to afford the ether or thioether products 16.11. 
For example, as fflustrated in Scheme 16, Exanq>le 3, 3-hydroxyphenylalanine 16.25 (Fluka) is 
converted, using the procedures described above, into the tribenzylated compound 16.26. The 
latter compound is reacted, in dimethylformamide at ca. SO'C, in the presence of potassiiun 
carbonate, with diethyl trifhioromethanesulfonyloxymethylphosphonate 16.27, prq)ared as 
described in Tet. Lett., 1986, 27, 1477, to afford the ether product 16.28. 
Using the above procedures, but employing, in place of the hydroxy-substituted phenylalanine 
dOTvative 16.25, different hydroxy or mercapto-substituted phenylalanines 16.1, and/or 
different dialkyl trifluoromethanesulfonyloxymethylphosphonates 16.8, the corresponding 
products 16.11 are obtained. 
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Schen^ 17 illustrates the preparation of phenylalanine derivatives incorporating phosphonate 
moieties attached to the phenyl ring by means of an aDcylene chain incorporatiag a nitrogen 
atom. The conq>ounds are obtained by means of a reductive alkylation reaction between a 
5 ibmiyl-substituted tribenzylated phenylalanine derivative 173 and a dialkyl 
aminoalky^phosphonate 17.4, 

In this procedure, a hydroxymethyl-substituted phenylalanine 17.1 is converted into the 
tribenzylated derivative 17.2 by reaction with three equivalents of a benzyl hahde, for exan^le, 
benzyl chloride, in the presence of an organic or inorganic base such as diazabicyclononene or 

10 potassium carbonate. The reaction is conducted in a polar solvent optionally in the additional 
presence of water. For exaio^le, the aminoacid 17.1 is reacted with three equivalents of 
benzyl chloride in aqueous ethanol containtug potassium carbonate, as described in U.S. 
Patent 5,491,253, to afford the product 17.2. The latter compound is then oxidized to afford 
the corresponding aldehyde 17.3. The conversion of alcohols to aldehydes is described, for 

15 exanq)le, in Con5)rehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 604ff. 
Typically, the alcohol is reacted with an oxidizing agent such as pyridinium chlorochromate, 
silver carbonate, or dimethyl sulfoxide/acetic anhydride, to afford the aldehyde product 17.3. 
For example, the caibinol 17.2 is reacted with phosgene, dimethyl sulfoxide and triethylamine, 
as described in J. Org. Chem., 43, 2480, 1978, to yield the aldehyde 17.3. This con5>ound is 

20 reacted with a diallg^ aminoalkylphosphonate 17.4 in the presence of a suitable reducing agent 
to afford the amine product 17.5. The preparation of amines by means of reductive amination 
procedures is described, for example, in Comprehensive Organic Transformations, by R. C. 
Larock, VCH, p. 421, and in Advanced Orgamc Chemistry, Part B, by FA. Carey and R. J. 
Sundberg, Plenum, 2001, p. 269. In this procedure, the amine component and the aldehyde or 

25 ketone component are reacted together in the presence of a reducing agent such as, for 
example, borane, sodium cyanoborofaydride, sodium triacetoxyborohydride or 
diisobutylahimtnum hydride, optionally in the presence of a Lewis add, such as titanium 
tetraisopropoxide, as described in J. Org. Chem., 55, 2552, 1990. 

For example, 3-(hydroxymethyI)-phenylalanine 17.6, prepared as described ia Acta Chem. 
30 Scand. Ser. B, 1977, B31, 109, is converted, as described above, into the formylated 

dOTvative 17.7. This compound is then reacted with a dialkyl aminoethyi^hosphonate 17.8, 
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prepared as described in J. Org. ChenL, 200, 65, 676, in the presence of sodium 
cyanoborohydride, to produce the alkylated product 17.9. 

Using the above procedures, but enoploying, in place of 3~(hydroxymethyl)-phenylalanine 17.6, 
different hydroxymethyl phenylalanines 17.1, and/or different anoinoalkyl phosphonates 17.4, 
5 the corresponding products 17.5 are obtained. 

Scheme 18 depicts the preparation of phenylalanine daivatives in which a phosphonate moiety 
is attached directly to the phenyl ring. In this procedure, a hromo-substituted phenylalanine 
18.1 is convCTted, as described above, (Scheme 17) into the tribenzylated derivative 18.2. The 
10 product is then coiqpled, in the presence of a palladium(0) catalyst, with a diaDcyl phosphite 
18.3 to produce the phosphonate ester 18.4. The preparation of arylphosphonates by means 
of a coupling reaction between aryl bromides and dialkyl phosphites is described in J. Med. 
Chem., 35, 1371, 1992, 

For exanyle, 3-bromophenylalanine 18.5, prepared as described in Pept. Res., 1990, 3, 176, is 
15 converted, as described above, (Scheme 17) into the tribenzylated compound 18.6. This 
coiiq>ound is then reacted, in toluene solution at reflux, with diethyl phosphite 18.7, 
triethylamine and tetrakis(trq)henylphosphine)palladium(0), as described in J. Med. Chem., 35, 
1371, 1992, to afford the phosphonate product 18.8. 

Using the above procedures, but employing, in place of 3-bromophenylalanine 18.5, different 
20 bromophenylalanines blB.l, and/or different dialkylphosphites 183, the corresponding 
products 18.4 are obtained. 
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Scheme 16 
Method 
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(R^O)2P{0)(CH2)riX 

16.9 
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{R^0)2P(0)CH2 
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16.17 




Example 2 
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SH 
16.20 
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^ SCH2C6H4CX^H3-p 
16.22 



BnOOC>^NBn2 



SCH2C6H4OCH3-P 
16.21 




HOCH2P(0)(OR^)2 



16.7 




SCH2P(0){OR^)2 
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16,27 
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0GH2P(0)(0R^)2 
16J28 



Scheme 17 
Method 
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17.1 

Example 

HOOC>^NH2 




CH2OH 



17.6 
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17J2 
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BnOOC^NBn2 



X) 



OHC 
17^ 



17.4 yk^ 

(RiO)2P(0)(CH2)nNHCH2 

17.5 



BnOOC,^NBn2 




BnOOC.^NBn2 
H2N{CH2)2P(0)(OR^)2 T 



17-8 



(R^O)2P(0)(CH2)2NHCH2 
17.9 



Scheme 18 
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18.3 




(R^0)2(0)P 

18.4 



HOOC>-NH2 




18.5 



BnOOCv^NBn2 




BnOOCx^NBn2 



HP(0)(0Et) 2 
18.7 




P(0)(0Et)2 
18.8 
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Preparation of phosphonate esters with structure 3. 

Scheine 19 illustrates the preparation of con5)oimds 3 in wliich the phosphonate ester moiety 
is attached directly to the phenyl ring. In this procedure, the ketonitrfle 7.1, prepared as 
described in J. Org. Chem., 1994, 59, 4080, is reacted with a bromobenzylmagnesium halide 
reagent 19.1. The resultant ketoenamine 19.2 is then converted into the diacylated 
hromophenyl carbinol 19.3. The conditions required for the conversion of the ketoenamine 
19.2 into the carbinol 19.3 are similar to those described above (Scheme 4) for the conversion 
of the ketoenamine 4.5 into the carbinol 4.12. The product 193 is then reacted with a dialkyl 
phosphite 183, in the presence of a palladium (0) catalyst, to yield the phosphonate ester 19.4. 
The conditions for the coupling reaction are the same as those described above (Scheme 18) 
for the preparation of the phosphonate ester 18.4. 

For example, the ketonitrile 7.1 is reacted, in tetrahydrofinran solution at -40°C, with three 
molar equivalents of 4-hromobenzyhnagnesium bromide 19.5, the preparation of which is 
described in Tetrahedron, 2000, 56, 10067, to afford the ketoenamine 19.6. The latter 
compound is then converted into the hromophenyl carbinol 19.7, usiag the sequence of 
reactions described above (Scheme 4) for the conversion of the ketoenamine 43 into the 
carbiQol 4.12. The resultant bromo compound 19.7 is then reacted with diethyl phosphite 183 
and triethylamine, in toluene solution at reflux, in the presence of 

tetrakis(triphenylphosphine)palladium(0), as described in J. Med. Chem., 35, 1371, 1992, to 
afford the phosphonate product 19.8. 

Using the above procedures, but employing, in place of 4-bromobenzylmagnesium bromide 
19.5, different bromobenzyhnagnesium halides 19.1 and/or different dialkyl phosphites 18.3, 
there are obtained the corresponding phosphonate esters 19.4. 

Scheme 20 illustrates the preparation of conopounds 3 in which the phosphonate ester moiety 
is attached to the nucleus by means of a phenyl ring. In this procedure, a bromophenyl- 
suhstituted bensq^lmagnesium bromide 20.1, prepared from the corresponding hromomethyl 
compound by reaction with magnesium, is reacted with the ketonitrile 7.1. The conditions for 
this transfoimation are the same as those described above (Scheme 4). The product of the 
Grignard addition reaction is then transformed, using the sequence of reactions described 
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above, (Scheme 4) into the diacylated carbinol 20.2. The latter coxiq>oimd is then coupled, in 
the presence of a palladiuin(0) catalyst, with a dialkyl phosphite 183, to afford the 
phenylphosphonate 20.3. The procedure for the coiq)ling reaction is the sanoe as those 
described above for the preparation of the pho^honate 19.8, 
5 For exan:q>le, 4-(4-hromophenyl)benzyl hronodde, prepared as described in DE 2262340, is 
reacted with magnesium to afford 4-(4-bromophenyr)benzylmagnesium bromine 20.4. This 
product is then reacted with the ketonitrile 7.1, as described above, to yield, after the sequence 
of reactions shown in Scheme 4, the diacylated carbinol 20.5. The latter con5)oimds then 
reacted, as described above, (Scheme 18) with a dialkyl phosphite 18.3, to afford the 
10 phenylphosphonate 20.6. 

Using the above procedures, but employing, in place of 4-(4-bromophenyI)benzyl bromide 
20.4, different bromophenylbenzyl bromides 20.1, and/or different dialkyl phosphites 18 J, the 
correspondiag products 20.3 are obtained. 

15 Scheme 21 depicts the preparation of phosphonate esters 3 in which the phosphonate group is 
attached by means of a heteroatom and a n^thylene group. In this procedure, a hetero- 
substituted benzyl alcohol 21.1 is protected, affording the derivative 21.2. The protection of 
phenyl hydroxyl, thiol and amino groups are described, respectively, in Protective Groups in 
Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 10, 

20 p. 277, 309. For exanq>le, hydroxyl and thiol substituents can be protected as trialkylsilyloxy 
groups. Trialkylsilyl groups are introduced by the reaction of the phenol or thiophenol with a 
chlorotrialkylsilane, for exanq>le as described in Protective Groups in Organic Synthesis, by 
T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 10, p. 68-86. Alternative^, 
thiol substituents can be protected by conversion to tert-butyl or adamantyl thioethers, as 

25 described in Protective Groups ia Organic Sjmthesis, by T.W. Greene and P.G.M Wuts, Wiley, 
Second Edition 1990, p. 289. Amino groups can be protected, for exanople by dibenzylation. 
The conversion of amines into dibenzylamines, for example by treatment with benzyl bromide 
in a polar solvent such as acetonibrfle or aqueous ethanol, in the presence of a base such as 
triethylamine or sodium carbonate, is described in Protective Groiq>s in Organic Synthesis, by 

30 T.W. Greene and P.G. M Wuts, Wiley, Second Edition 1990, p. 364. The resultant protected 
benzyl alcohol 21.1 is converted into a halo derivative 21JZ, in which Ha is chloro or bromo. 
The conversion of alcohols into chlorides and bromides is described, for exanmle, in 
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Con:5)rehensive Organic Transfonnations, by R. C. Larock» VCH, 1989, p. 354ff and p. 356fF. 
For exanq>Ie» benzyl alcohols 21.2 can be transfoimed into the chloro compounds 213, in 
which Ha is chloro, by reaction with triphenyl^hosphine and N-cUorosuccinimidey as 
described in J. Am. Cheia Soc, 106, 3286, 1984. Benzyl alcohols can be transformed into 
S bromo compounds by reaction with carbon tetrafaromide and tr:q)heny]^hosphine, as described 
in J. Am. Chem. Soc, 92, 2139, 1970. The resultant protected benzyl halide 213 is then 
converted into the corresponding benzyhnagnesium halide 21.4 by reaction with magnesium 
metal in an ethereal solvent, or by a Grignard exchange reaction treatment with an alkyl 
magnesium halide. The resultant substituted benzyhnagnesium hahde 21.4 is then converted, 
10 using the sequence of reactions described above (Scheme 4) for the preparation of the 
diacylated carbinol 4.11, into the carbinol 21.5 in which the substituent XH is suitably 
protected. 

The protecting group is then removed to afford the phenol, thiophenol or amine 21.6. 
Deprotection of phenols, thiophenols and amines is described respectively in Protective 

15 Groups in Organic Synthesis, by T,W. Greene and P.GJM Wuts, Wiley, Second Edition 1990. 
For exan5)le, trialkylsilyl ethers or thioethers can be deprotected by treatment with a 
tetraalkylammonium jfhioride in an inert solvent such as tetrahydrofuran, as described in J. Am 
Chem. Soc, 94, 6190, 1972. Tert-butyl or adamantyl thioethers can be converted into the 
corresponding thiols by treatment with mercuric trifluoroacetate in aqueous acetic acid at 

20 ambient temperatures, as described in Chem. Pharm. Bull., 26, 1576, 1978. N,N-dibenzyl 

amines can be converted into the unprotected amines by catalytic reduction in the presence of 
a palladium catalyst, as described above (Schen^ie 1). The resultant phenol, thiophenol or 
aimne 21.6 is then converted into the phosphonate ester 21.7 by reaction with an activated 
derivative of a dialkyl hydroxymethyl phosphonate 16.27, in which Lv is a leaving group. The 

25 reaction is conducted under the same conditions as described above for the conversion of 16.5 
to 16.11 (Scheme 16). 

For exaniple, 3-hydroxybenzyl alcohol 21.8 (Aldrich) is reacted with chlorotriisopropylsilane 
and imidazole in dimethylformamide, as described in Tet. LetL, 2865, 1964, to afford the sityl 
ether 21.9. This con5)ound is reacted with carbon tetrabromide and triphenylphosphine in 
30 dicMoromethane, as described in J. Am. Chem. Soc, 109, 2738, 1987, to afford the 

farommated product 21.10. This material is reacted with magnesium in ether to afford the 
Grignard reagent 21.11, which is then subjected to the series of reaction shown in Scheme 4 to 
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afford the carbinol 21»12. The triisopropylsilyl protecting group is then removed by treatment 
of the ether 21.12 with tetrabutylammonium fluoride in tetrahydrofuran, as described in J. Org. 
Chem., 51, 4941, 1986. The resultant phenol 21.13 is then reacted with a dialkyl 
trifluoromethanesulfonyloxymethylphosphonate 16.27, prepared as described in Tet. Lett., 
5 1986, 27, 1477, in dimethylformamide solution at 60^0 in the presence of cesium carbonate, 
to afiford the phosphdnate product 21.14. 

Using the above procedures, but employing, in place of 3-hydroxybenzyl alcohol 21.8, 
different hydroxy, mercapto or amino-substituted benzyl alcohols 21.1, and/or different dialkyl 
trifhioromethanesulfonyloxymethyl phosphonates 16.27, the corresponding products 21.7 are 
10 obtained. 
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Scheme 21 
Method 
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Preparation of phosphonate-containing carbo^lic acids 1^- 

Scheme 22 fflustrates methods for the preparation of carboxylic acids 1^, in which A is Br, 
and methods for the conversion of the hromo substituent into various phosphonate-containing 
substituents. 

In this procedure, 3-bromo-2-n^hylpropanainide 22.1 is substituted for the isobutyramide 
derivative 13.1 in the reaction sequence illustrated in Scheme 13, so as to afford 2-{3-[2-(2- 
hromo-l-methyl-ethyl)-tMazol-4-yhnethyl]0-niethyl-ureido) acid methyl 

ester, 21 JL. The conditions required for the various reactions are the same as those described 
above (Schemel3). The hromo-substituted ester 22.2 is then subjected to various 
transformations so as to introduce phosphonate-containing substituents. For example, the 
ester 22.2 is reacted with a trialkyl phoq)hate 223 in an Arbuzov reaction, to afford the 
phosphonate ester 22A The preparation of phosphonates by means of the Arbuzov reaction 
is described, for exaiiq)le, in Handb. Qrganophosphorus Chem., 1992, 1 15. The reaction is 
performed by heating the substrate at lOO^C to 150^C with an excess of the trialkyl phosphite. 
The methyl ester group in the phoq>honate product 22,4 is then hydrolyzed, using the 
procedures described above, (Scheme 13) to prepare the carboxylic acid 22.5. 
For example, as shown in Scheme 22. Exan5)le 1, the bromo con?)ound 22.2 is heated at 
120'^C with a ten molar excess of tribenzyl phosphite 22.6 to afford the benzy^>hosphonate 
22.7. Hydrolysis of the n^thyl ester, as described above, then yields 2-(3- {I'll-QcAS' 
benzyloxy-phosphoryl)-l-methytethyl]-thiazol-4-yhDeft^^ 

acid 22.8. 

Altemativety, the bromoester 22.2 is oxidizcd^to the corresponding aldehyde 22.9. Methods 
for tte oxidation of feomo compounds to the corresponding aldehyde are described, for 
example in Comprehensive Organic Transformations, by R. C. Larock, VCH, 1989 p. 599. 
The transformation can be effected by reaction of the aldehyde with dimethyl sulfoxide, 
optionalty in the presaice of a silver sah, as described in Chem. Rev., 67, 247, 1967. 
Altemativety, the Ixomo compound is reacted with trin»thylamine oxide, as described in Ber., 
94, 1360, 1961, to prepare 3-methyl-2-{3-methyl-3-[2-(l-methyl-2-oxo-ethyl)-thiazol-4- 
yhnethyl]-ureidp}-butyric-acid methyl ester 22.9. The aldehyde is then reacted with a dialkyl 
annnoalkyl phosphonate 22.10 in a reductive amination reaction to afford the 
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anmophosphonate 22.11. The conditions for the reductive amination reaction are the same as 
those described above for the preparation of the anrinophosphonate 17,5, (Scheme 17). The 
methyl ester group present in the product 22.11 is then hydrolyzed, as described above, to 
yield the carboxylic acid 22*12. 

5 For exan5>le, as shown in Scheme 22, Example 2, the bromo compound 22.2 is heated at SO"C 
in dimethylsuJfoxide solution, in the presence of one molar equivalent of silver tetrafluoborate 
and triethylamine, as described in J. Caiem. Soc., Chem. Comm, 1338, 1970, to afford the 
aldehyde 22.9. Reductive amination of the product, in the presence of a dialkyl aminoethyl 
phosphonate 22.13, the pr^aration of which is described in J. Org. Chem., 2000, 65, 676 and 

10 sodium triacetoxy borohydride, then affords the amino phosphonate 22.14. Hydrolysis of the 
methyl ester, as described above, then afford the carboxylic acid 22.15. 
Alternatively, the bromo con5>ound 22.2 is reacted with a dialkyl thioalkyl phosphonate 22.16 
to effect displacement of the bromo substituent to afford the thioether 22.17. The preparation 
of thioethers by the reaction of bromo compounds with thiols is described, for example, in 

15 Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook, Wley, 1953, p. 787. The reactants 
are combined in the presence of a suitable base, such as sodium hydroxide, 
dimethylaminopyridine, potassium carbonate and the like, in a polar organic solvent such as 
dimethylformamide or ethanol, to afford the thioether 22.17. The product is then subjected to 
hydrolysis, as described above, to afford the carboxylic acid 22.18. 

20 For exaccqple, as shown in Scheme 22, Exan5)le 3, the bromo compound 22.2 is reacted with a 
dialkyl thioethylphosphonate 22.19, the preparation of which is described in Aust. J. Chem., 
43, 1 123, 1990, and dimethylaminopyridine, in dimethylformamide solution at ambient 
ten^perature, to yield the thioether 22.20. Hydrolysis of the methyl ester group, as described 
above, then afford the carboxyHc add 22.21. 

25 

Scheme 23 iflustrates the preparation of carboxylic acids 23.7 in which the phosphonate 
moiety is attached to the isopropyl group by means of a phenyl ring and a heteroatom. In this 
procedure, the hydroxy or mercapto substituent on a phenylbutananoide 23.1 is protected. 
Methods for the protection of hydroxyl and thiol groups are described above (Scheme 21). 
30 The protected amide 23.2 is then subjected to the senes of reactions illustrated in Scheme 13, 
so as to afford the O- or S-protected ester 233. The protectmg group is then removed. 
Methods for the deprotection of phenols and thiophenols are described above (Scheme 16). 
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The resultant phenol or thiophenol 23.4 is then reacted with a dialkyl hronK>alkyl phosphonate 
23.5, to afford the ether or thioether conq>omids 23.6. Conditions for the alkylation of 
phenols and thiophenols are described above (Scheme 16). The ester groups present in the 
product 23.6 is then hydrolyzed, as described above, to afford the corresponding carboxylic 
5 acid 23.7. 

For example, 3-(4-hydroxyphenyl)butyric add 23.8, prepared as described in J. Med. Chem, 
1992, 35, 548, is converted into the acid chloride by reaction with thionyl chloride. The acid 
chloride is then reacted with excess aqueous ethanolic amnionia to afford the amide 23.9. This 
compound is converted into the tert. butyldimethylsilyl derivative 23.10 by treatment with tert- 

10 butylchlorodimethylsilane and imidazole in dichloron^thane. The resultant amide 23.10 is 
then subjected to the series of reactions shown in Scheme 13, so as to yield the ester 23.11. 
Desilylation, by treatment with tetrabutylammonium fluoride in tetrahydrofuran, then affords 
the phenol 23.12. This compound is reacted with a dialkyl hromoethyl phosphonate 23.13 
(Aldrich) and potassium carbonate, in dimethylformamide at 80'C, to produce the ether 23.14. 

15 Hydrolysis of the ester group, by treatment with aqueous methanolic lithium hydroxide, then 
affords the carboxylic acid 23.15. 

Using the above procedures, but employing, in place of the amide 23.9, different hydroxy- or 
thio-substituted amides 23.23.1, and/or different bromoalkylphosphonates 23.5, the 
corresponding products 23.7 are obtained. 

20 

Scheme 24 and 25 describes the preparation of carboxylic acids 9.1 in which the phosphonate 
moiety is attached to the amine component, hi this procedure, the cWoromethylthiazole 14.1, 
is reacted with a dialkyl aminoalkyl phosphonate 24.1 to produce the substituted amine 24.2. 
The preparation of amines by reacting amines with alkyl haHdes is described, for exan5)le, in 

25 Comprehensive Organic Transformations, by R. C. Larock. VCH, 1989, p. 397. Typically, the 
con5)onents are reacted together in a polar solvent such as an alkanol or dimethylformamide 
and the hke, to yield the substituted amine 24.2. The latter conqpound is then converted into 
the carboxylic acid 243, by means of the series of reactions shown in Scheme 14. 
For exan5)le, the chloromethyl thiazole 14.1 is reacted at 50"C in acetonitrile sohition 

30 containing potassium carbonate, with one molar equivalent of a dialkyl aminomethyl 
phosphonate 24.4, prepared as described in Bioorg. CSiem., 2001, 29, 77, to afford the 
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substituted amine 243. The product is then converted, using the reactions shown in Scheme 
14, into the carboxylic acid 24.6. 

Using the above procedures, but ecaploying, in place of the dialkyl aminoethyl phosphonate 
24.4, different dialkyl aminoalkyl phosphonates 24.1, the corresponding products 243 are 
5 obtained. 



Scheme 25 flhistrates the preparation of carboxylic acids 9.1 in which the phosphonate moiety 
is attached to the amine cor^ponent by means of a saturated or unsaturated alkyl chain and a 
phenyl ring. In this procedure, the chloromethylthiazole 14.1 is reacted with aDylamine 25.1, 

10 using the procedures described above (Scheme 24) to afford alfyH2-isopropyl-thiazol-4- 
yhnethyl)-amine 25.2. The ester amine is then converted, by means of the series of reactions 
shown in Scheme 14, into 2-[3-aIlyl-3-(2-isopropyl-thiazol-4-y]methy])-ureido]-3-me%^ 
butyric acid methyl ester 25.3. This material is coupled with a dialkyl bromo-substituted 
phenylphosphonate 25.4, under the conditions of the palladium-catalyzed Heck reaction, to 

15 afford the coupled product 25.5. The coupHng of aryl halides with olefins by means of the 
Heck reaction is described, for example, in Advanced Organic Chemistry, by F. A. Carey and 
R. J. Sundberg, Plenum, 2001, p. 503ff. The aryl bromide and the olefin are coupled in a polar 
solvent such as dimethylformamide or dioxan, in the presence of a palladimn(0) catalyst such 
as tetrakis(triphenylphosphine)paDadium(0) or palladium(II) catalyst such as palladiom(II) 

20 acetate, and optionally in the presence of a base such as triethylamine or potassmm carbonate. 
Hydrolysis of the naethyl ester, as described above, then )delds the carboxylic acid 25.6. 
Optionally, the double bond present in the product 25.6 is reduced to afford the dihydro 
analog 25.7. The double bond is reduced in the presence of a palladium catalyst, such as, for 
exanq>le, 5% palladium on carbon, in a solvent such as methanol or ethanol, to afford the 

25 product 25.7. 

For exainple, the alfyl-substituted urea 25.3 is reacted vwth a dialkyl 4-hromophenyl 
phosphonate 25.8, prepared as described in J. Chem. Soc., Ferkin Trans.,1977, 2, 789 in the 
presence of tetrakis(triphenylphosphine)palladium (0) and triethylatmne, to afford the 
phosphonate ester 25.9. Ester hydrolysis, as described above, then affords the carboxylic add 
30 25.10. Hydrogenation, as described above, then affords the saturated analog 25.11. 
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Using the above procedures, but eirploying, in place of the 4-bromoptenyl phosphonate 25.8, 
diflFerent bromophenyl phosphonates 25.4, the corresponding products 25.6 and 25.7 are 
obtained. 

5 Scheme 26 ilhistrates the preparation of carboxyHc acids 11.1 in which the phosphonate 

moiety is attached to the valine substructure. In this procedure, 2-amino-4-bronK)-3-methyl- 
butyric acid n^thyl ester 26.1, prepared as described in U.S. Patent 5,346,898, is reacted with 
a chloroformate, for example 4-nitrophenyl chloroformate, to prepare the activated derivative 
26.2 in which X is a leaving group. For cxwsplCy the anrinoester 26.1 is reacted with 4- 

10 nitrophenylchlorofonnate in dichloromethane at O'C, as described in U.S. 5,484,801, to afford 
the product 26.2 in which X is 4-nitrophenoxy. The latter compound is reacted with (2- 
isopropyl-thiazol-4-yhnethyl)-methyl-amine 26.3, prepared as described in U.S. 5,484,801, in 
the presence of a base such as triethylamine or dimethylaminopyridine, in an inert solvent such 
as dichloromethane or tetrahydrofuran, to afford 4-bromo-2-i3-(2-isopropyl-thiazol-4- 

15 yhnethyl)-3-niethyl-ureido]-3-methyl-butyric acid methyl ester_26.4. The bromo coDC5)Ound 
26.4 is then oxidized to afford the aldehyde 26.5. The oxidation of bromo compounds to 
afford the corresponding aldehydes is described above (Scheme 22). In a typical procedure, 
the bromo compound is heated at 80"C in dimethylsulfoxide solution, optionally in the 
presence of sflver salt such as silver percMorate or silver tetrafhioborate, as described in J. 

20 Am. Chem. Soc, 81, 41 13, 1959, to afford 2-[3-(2-isopropyl-thiazol-4-ylmethyl)-3-methyl- 
ureido]-3-methyl-4~oxo~butyric acid msthyl ester 26.5. The aldehyde is then subjected to a 
reductive amination procedure, in the presence of a diaDsyl aminoalkyl phosphonate 26.6, to 
afford the amine product 26.7. The preparation of amines by means of reductive aJkylation 
reactions is described above (Scheme 22). Equimolar amounts of the aldehyde 26-5 and the 

25 amine 26.6 are reacted in the presence of a boron-containing reducing agent such as, for 
example, sodium triacetoxyborohydride, to yield the amine 26.7. The methyl ester is then 
hydrolyzed, as described above, to yield the caiboxylic acid 26.8. 
For exan5)le, 2-[3-(2-isopropyl-tMazol-4-ylmethyl)-3-niethytureido]-3-methyl-^ 
acid methyl ester 26.5 is reacted with a diaUqrl aminoetlQr^>hosphonate 26 and sodium 

30 cyanoborohydride, to afford the amine product 26.10. The methyl ester is then hydrotyzed, as 
described above to yield the carbox^^c acid 26.11. 
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Using the above procedures, but eiiq)loying, in place of the dialkyl aminoethylphosphonate 
26.9, different anainoalkyl phosphonates 26.6, the corresponding products 26.8 are obtained. 
Alternatively, the bromo-substituted methyl ester 26.4 is then reacted with a dialkyl 
mercaptoaDq^l phosphonate 26.12 to afford the thioether 26.13. The preparation of thioethers 
5 by the reaction of bromo compounds with thiols is described, for example, in Synthetic 
Organic Chemistry, R. B. Wagner, H. D. Zook, Wiley, 1953, p. 787. The reactants are 
combined in the presence of a suitable base, such as sodium hydroxide, dimethylamino 
pyridine, potassium or cesium carbonate and the like, in a polar organic solvent such as 
dimethylformamide or ethanol, to afford the thioether 26.13. The methyl ester is then 
10 hydrolyzed, as described above to yield the carboxylic acid 26.14. 

For exanq)le, the bromo conpound 26.4 is reacted with a dialkyl mercaptoethyl phosphonate 
26.15, the preparation of which is described in Aust. J. Chem., 43, 1123, 1990, in 
dimethylformamide solution, in the presence of cesium carbonate, to produce the thio ether 
product 26.16. The methyl ester is then hydrolyzed, as described above, to yield the 

1 5 carboxylic acid 26.17. 

Using the above procedures, but employing, in place of the dialkyl mercaptoethyl phosphonate 
26.15, different mercaptoalkyl phosphonates 26.12, the corresponding products 26.14 are 
obtained. 
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Scheme 22 
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Scheme 23 
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Scheme 24 
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Scheme 25 
Method 
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Scheme 26 
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Interconvcrsions of the phosphonates R-liBk.P(0)(0R')2, R-liiik.P(0)(OR')(OH) and R- 
Imk-P(0)(0H)2. 

5 Schemes 1-26 described the preparations of phosphonate esters of the general structure R- 
link-P(0)(OR^)2, in which the groups R\ the structures of which are defined in Chart 1, may 
be the same or different The R^o^PS attached to a phosphonate esters 1-7, or to precursors 
thereto, may be changed using estabhshed chemical transformations. The interconvcrsions 
reactions of phosphonates are illustrated in Scheme 27. The group R in Scheme 27 represents 

10 the substructure to which the substituent link-P(0)(OR% is attached, eitiier in tiie compounds 
1-7 or in precursors thereto. The B} group may be changed, using the procedures described 
below, either in the precursor compounds, or in the esters 1-7. The methods employed for a 
given phosphonate transfonnation depend on the nature of the substituent R\ The preparation 
and hydrolysis of phosphonate esters is desaibed in Organic Phosphoras Compounds, G. M. 

15 Kosolapoff, L. Maeir. eds, Wfley, 1976, p. 9fL 

The conversion of a phosphonate diester 27.1 into the corresponding phosphonate monoester 
27-2 (Scheme 27, Reaction 1) can be accon^lished by a number of methods. For exmnplc, the 
ester 27.1 in which R^is an aralkyl group such as benzyl, can be converted into the monoester 
con^iound 27.2 by reaction with a tertiary organic base such as diazabicyclooctane (DABCO) 

20 or quinuclidine, as described in J. Org. Chem., 1995, 60, 2946. The reaction is performed in 
an inert hydrocarbon solvent such as toluene or xylene, at about 1 10°C. The conversion of the 
diester 27.1 in which R^is an aryl group such as phenyl, or an alkenyl group such as allyl, into 
the monoester 27 J2 can be effected by treatment of the ester 27.1 with a base such as aqueous 
sodium hydroxide in acetonitrile or hthium hydroxide in aqueous tetrahydrofuran. 

25 Phosphonate diesters 27.1 in which one of tiie groups R^is aralkyl, such as benzyl, and the 

other is alkyl, can be converted into the monoesters 27.2 in which R^is alkyl by hydrogenation, 
for exan5)le using a palladium on carbon catalyst. Phosphonate diesters in which both of the 
groups RWe alkenyl, such as allyl, can be converted into the monoester 27.2 in which R^is 
alkenyl, by treatment with chlorotris(tripheny^hosphine)rhodium (Wilkinson's catalyst) in 

30 aqueous etiianol at reflux, optionally in the presence of diazabicyclooctane, for example by 
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using the procedure described in J. Org. Chem., 38 3224 1973 for the cleavage of allyl 
carboxylates. 

The conversion of a phosphonate diestar 27.1 or a phosphonate monoester 27.2 into the 
corresponding phosphonic acid 273 (Scheme 27, Reactions 2 and 3) can effected by reaction 

5 of the diester or the monoester with trinoetlflrlsilyl bromide, as described in J. Chem. Soc., 
Chem. Comm., 739, 1979. The reaction is conducted in an inert solvent such as, for exannpte, 
dicUoioiiKthane, optionalty in the presojce of a silylating agent such as 
bis(trimethylsilyl)trifluoroacetamide, at ambient tempCTature. A phosphonate monoester 27.2 
in which R'is araDqrl such as benzyl, can be converted into the corresponding phosphonic acid 

10 273 by hydrogenation over a palladium catalyst, or by treatment with hydrogen chloride in an 
ethereal sohrent such as dioxan. A phosphonate monoester 27.2 in which R'is alkenyl such as, 
for exan5>le, allyl, can be convrated into the phosphonic acid 273 by reaction with Wilkinson's 
catalyst in an aqueous organic solvent, fw example m 15% aqueous acetonitrile, or in aqueous 
ethanol, for exanaple using the procedure described in Hdv. Chun. Acta., 68, 618, 1985. 

15 Palladium catalyzed hydrogenofysis of phosphonate estas 27.1 in which R'is benzyl is 

described in J. Org. Chem., 24, 434, 1959. Platinum<:atalyzed hydrogenolysis of phosphonate 
esters 27.1 in which R^is phenyl is described in J. Axoesr. Chem. Soc., 78, 2336, 1956. 

The conversion of a phosphonate monoester 27.2 into a phosphonate diester 27.1 (Scheme 27, 
Reaction 4) in which the newly introduced R'group is aralkyl, haloalkyl such as 

20 cUoroethyl, or aralkyl can be effected by a number of reactions in which the substrate 27.2 is 
reacted with a hydroxy con5)ound R^OH, in the presence of a coupling agent. Suitable 
coupling agents are those en^jloyed for the prq>aration of carboxylate esters, and include a 
carbodiimide such as dicyctohexylcarbodinnide, in which case the reaction is preferably 
conducted in a basic organic solvent such as pyridme, or (benzotriazol-l- 

25 yloxy)tripyrrolidinophosphomum hexafluorophosphate (PYBOP, Sigma), m which case the 
reaction is performed in a polar solvent such as dimethylformamide, in the presence of a 



Hill 



tertiary organic base sncn as ousopropyieinj 
reaction is conducted in a basic sohrent such as pyridine, in the presence of a triaiyl phosphine 
such as trq)henylphosphine. Attematively, the conversion of the phosphonate monoester 27.2 
30 to the diester 27.1 can be effected by the use of the Mitsonobu reaction, as described above 
(Scheme 16). The substrate is reacted with the hydroxy con5)ound R'OH, in the presence of 
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diethyl azodicarboxylate and a triarylphosphme such as triphcByl phosphine. Ahematively, tte 
phosphonate ironoestca- 27^ can be transformed into the phosphonatc diester 27.1, in which 
the introduced group is aikenyl or aralkyl, by reaction of the monoester with the halide 
R^Br, m which R^ is as alkenyl or araDcyL The alkylation reaction is conducted in a polar 

5 organic solvent such as din^ytformamide or acetonitrile, in the presence of a base such as 
cesium carbonate. Alternatively, the phosphonate monoester can be transformed into the 
phosphonate diester in a two step procedure. In the first step, the phosphonate monoester 
27,2 is transformed into the cMoro analog RP(0)(OR^)a by reaction with thionyl chloride or 
oxalyl chloride and the like, as described in Organic Phosphorus Compounds, G. M. 

10 Kosolapoff, L. Maeir, eds, Wiley, 1976, p. 17, and the thus-obtained product RP(0)(OR^)a is 
then reacted with the hydroxy confound R^OH, in the presence of a base such as 
triethylamine, to afford the phosphonate diester 27.1, 

A phosphonic acid R-link-P(0)(0H)2 can be transformed into a phosphonate monoester 
RP(0)(OR^)(OH) (Scheme 27, Reaction 5) by means of the methods described above of for 
15 the preparation of the phosphonate diester R-liDk-P(0)(0R^)2 27.1, except that only one molar 
proportion of the con^nent R^OH or R^Br is employed. 

A phosphonic acid R-link-P(0)(0H)2 213 can be transformed into a phosphonate diester R- 
link-P(0)(0R^)2 27.1 (Scheme 27, Reaction 6) by a coupling reaction with the hydroxy 
confound R^OH, in the presence of a coupling agent such as Aldrithiol-2 (Aldrich) and 

20 tripheny^hosphine. The reaction is conduaed in a basic solvent such as pyridine. 

Alternatively, phosphonic acids 273 can be transformed into phosphonic esters 27.1 in which 
R^ is aryl, by means of a coupling reaction employing, for example, dicyclohexylcarbodiimide 
in pyridine at ca 70'C. Alternatively, phosphonic acids 273 can be transformed into 
phosphonic esters 27.1 in which R^ is alkenyl, by means of an alkylation reaction. The 

25 phosphonic acid is reacted vidth the alkenyl bromide R^Br in a polar organic solvent such as 
acetonitrile solution at reflux teitperature, the presence of a base such as cesium carbonate, to 
afford the phosphonic ester 27.1. 
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Scheme 26 
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General applicability of methods for introdaction of phospbonate substituents* 

The procedures described above for the conversion of various jRinctional groups into 
phosphonate moieties are of general applicatioiL For example, the methods described above 
for the introduction of phoq)honate groups into the phenylalanine moiety, can, with 

5 appropriate modifications known to those skilled in the art, be applied to the introduction of 
phosphonate groups into the thiazole compounds 1^, 9.1 and lU, and for the preparation of 
the phosphonate esters 3. Similarly, the methods described above for the introduction of 
phosphonate groups into the thiazole con5)Ounds 1.5, 9.1 and 11.1 can, with appropriate 
modifications known to those skilled in the art, be applied to the introduction of phosphonate 

10 groups into the phenylalanine intermediates 4.1 and for the preparation of the compounds 3. 

Phosphonate esters 1-7 incorporating carbamate moieties. 

The phosphonate esters 1-7 in which the R^CO or R^CO groups are formally derived firom the 
carboxyKc acid synthons 14-16, 19, 21, 22, 25, 34, 51 or 52 as shown in Charts 2a, 2b, and 
15 2c, contain a carbamate moiety. The preparation of carbamates is described ia Comprehensive 
Organic Functional Group Transformations, A. R. Katritzky, ed., Pergamon, 1995, Vol 6, p. 
416ff, and in Organic Functional Group Preparations, by S. R. Sandler and W. Karo, 
Academic Press, 1986, p. 260ff. 

20 Scheme 28 illustrates various methods by whfch the carbamate linkage can be synthesized. As 
shown in Scheme 28, in the general reaction generating carbamates, a carbinol 28.1 is 
converted into the activated derivative 2SJ2 in which Lv is a leaving group such as halo, 
imidazolyl, benztriazolyl and the like, as described below. The activated derivative 28.2 is 
then reacted with an amine 283, to afford the carbamate product 28.4. Exanqples 1 - 7 in 

25 Scheme 28 depict methods by which the general reaction can be effected. Examples 8-10 
ilhistrate alternative methods for the preparation of carbamates. 

Scheme 28, Exanq>le 1 illustrates the preparation of carbamates en5)loying a cUoroformyl 
derivative of the carbinol 28.5. In this procedure, the carbinol 28.5 is reacted with phosgene, 
in an inert solvent such as tohiene, at about 0"C, as described in Org, Syn. CoE VoL 3, 167, 
30 1965, or wifli an equivalent reagent such as tricUoromethoxy cWoroformate, as described in 
Org, Syn. Col VoL 6, 715, 1988, to afford the cMoroformate 28.6. The latter compound is 
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then reacted with the amine coiiq>onent 283, in the presence of an organic or inorganic base, 
to afford the carfoamate 28.7. cFor example, the cblorofomQ^l conq>ound 28.6 is reacted with 
the amine 283 in a water-miscible solvent such as tetrahydrofuran, in the presence of aqueous 
sodium hydroxide, as described in Org. Syn. ColL VoL 3, 167, 1965, to yield the carbamate 
5 28.7. cAhematiively, the reaction is preformed in dichloromethane in the presence of an 
organic base such as diisopropylethylaniine or dimethylaminopyridine. 
Scheme 28, Example 2 depicts the reaction of the chlorofonnate conqpound 28.6 with 
imidazole, 28.7, to produce the imidazoHde 28.8. The imidazolide product is then reacted 
with the amine 283 to yield the carbamate 28.7. The preparation of the imidazolide is 

10 performed in an aprotic solvent such as dichloromethane at O'^C, and the preparation of the 
carbamate is conducted in a similar solvent at ambient temp^ature, optionally in the presence 
of a base such as diruethylaminopyridine, as described in J. Med. Chemu, 1989, 32, 357. 
Scheme 28 Example 3, depicts the reaction of the chlorofonnate 28.6 with an activated 
hydroxyl compoimd R**OH, to yield the mixed carbonate ester 28.10. The reaction is 

15 conducted hi an inert organic solvent such as ether or dichloromethane, in the presence of a 
base such as dicyclohexylamine or triethylamine. The hydroxyl component R"OH is selected 
from the group of compounds 28.19 - 28.24 shown in Scheme 28, and similar compounds. For 
exanq>le, if the component R"OH is hydroxybenztriazole 28.19, N-hydroxysuccimmide 28.20, 
or pentachlorophenol, 28.21, the mixed carbonate 28.10 is obtained by the reaction of the 

20 chlorofonnate with the hydroxyl compound in an ethereal solvent in the presence of 

dicyclohexylamine, as described in Can. J. Chem., 1982, 60, 976. A similar reaction in which 
the component R"OH is pentafluorophenol 28.22 or 2-hydroxypyridine 28.23 can be 
performed in an ethereal solvent in the presence of triethylamine, as described in Syn., 1986, 
303, and Chem. Ber. 118, 468, 1985. 

25 Scheme 28 Exan^le 4 illustrates the preparation of carbamates in which an 

alkyloxycarbonylimidazole 28.8 is employed. In this procedure, a carbinol 28.5 is reacted with 
an equimolar amount of carbonyl diimidazole 28.11 to prepare the intermediate 28.8. The 
reaction is conducted in an aprotic organic solvent such as dichloromethane or 
tetrahydrofiiran. The acyloxyimidazole 28.8 is then reacted with an equimolar amount of the 

30 amine R'1SIH2 to afford the carbamate 28.7. The reaction is performed in an aprotic organic 
solvent such as dichloromethane, as described in Tet. Lett., 42, 2001, 5227, to afford the 
carbamate 28.7. 
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Scheme 28, Exaii5>le 5 illustrates the preparation of carbamates by means of an intermediate 
alkoxycarbonylbenztriazole 28.13. In this procedure, a carbinol ROH is reacted at ambient 
ten5)erature with an equimolar amount of benztriazble carbonyl chloride 28.12, to afford the 
alkoxycarbonyl product 28.13. The reaction is performed in an organic solvent such as 
5 benzene or toluene, in the presence of a tertiary organic amine such as triethylaniine, as 

described in Syn., 1977, 704. This product is then reacted with the amine KNfh to afford the 
carbamate 28.7. The reaction is conducted in toluene or ethanol, at from anabient temperature 
to about 80'C as described in Syn„ 1977, 704. 

Scheme 28, Example 6 illustrates the preparation of carbamates in which a carbonate 
10 (R"0)2C0, 28.14, is reacted with a carbinol 28.5 to afford the intermediate alkyloxycarbonyl 
intennediate 28.15. The latter reagent is then reacted with the anrine RNHa to afford the 
carbamate 28.7. The procedure in which the reagent 28.15 is derived from 
hydroxybenztriazole 28.19 is described in Synthesis, 1993, 908; the procedure in which the 
reagent 28.15 is derived from N-hydroxysucdnimide 28.20 is described in T^. Lett., 1992, 
15 2781; the procedure in which the reagent 28.15 is derived from 2-hydroxypyridine 28.23 is 
described in Tet. Lett., 1991, 4251; the procedure in which the reagent 28.15 is derived from 
4-nitrophenol 28-24 is described in Syn. 1993, 103. The reaction between equimolar amounts 
of the carbinol ROH and the carbonate 28.14 is conducted in an inert organic solvent at 
ambient temperature. 

20 Scheme 28, ExaiBple 7 ilhistrates the preparation of carbamates from alkoxycarbonyl azides 
28.16. in this procedure, an alkyl chloroformate 28.6 is reacted with an azide, for example 
sodium azide, to afford the alkoxycarbonyl azide 28.16. The latter compound is then reacted 
with an equimolar amount of the amine R'NH2 to afford the carbamate 28.7. The reaction is 
conducted at ambient ten5)a:ature in a polar aprotic solvent such as dimethylsuMbxide, for 

25 exanq)le as described in Syn., 1982, 404. 

Scheme 28, Example 8 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and the cUorofonnjrl derivative of an amine. In this procedure, 
which is described in Synthetic Organic Chemistry, R. B. Wagna:, H. D. Zook, Wiley, 1953, 
p. 647, the reactants are combined at anabient temperature in an aprotic solvent such as 

30 acetonitrile, in the presence of a base such as triethylamine, to afford the carbamate 28.7. 
Scheme 28, Exanople 9 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and an isocyanate 28.18. In this procedure, which is described in 
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Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook, Wiley, 1953, p. 645, the reactants 
are coiobined at ambient teDoperature in an aprotic solvent such as ether or dSchloromethane 
and the like, to afford the carbamate 28.7. 

Scheme 28, Exan^le 10 iflustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and an anaine R'NHa- In this procedure, which is described in ChenL 
Lett. 1972, 373, the reactants are coinbined at ambient tenqjerature in an aprotic organic 
solvent such as tetrahydrofuran, in the presence of a tertiary base such as triethylamine, and 
selemom. Carbon monoxide is passed through the solution and the reaction proceeds to afford 
the carbamate 28.7. 
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Scheme 28 
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Preparation of phosphonate intermediates 6 and 7 with phosphonate moieties 
incorporated into the group R^COOH and R^COOH. 

5 The chemical transformations described in Schemes 1-28 illustrate the preparation of 

con^^ounds 1-5 in which the phosphonate ester moiety is attached to the thiazole substructure, 
(Schemes 1-3, 9-10, and 11-12), the phenylalanine moiety (Schemes 4-6), and the benzyl 
moiety (Schemes 7-8). 

The various chemical methods employed for the preparation of phosphonate groups can, with 
10 appropriate modifications known to those skilled in the art, be applied to the introduction of 
phosphonate ester groups into the compounds R^COOH and R^COOH, as defined in Charts 
2a, 2b and 2c. The resultant phosphonate-containing analogs, designated as R^COOH and 
R^COOH can then, using the procedures described above, be encployed in the preparation of 
the compounds 6 and 7. The procedures required for the introduction of the phosphonate- 
15 containing analogs R^COOH and R^^COOH are the same as those desaibed above (Schemes 
4, 5, and 28) for the introduction of the R^CO and R^CO moieties. 

Indinavir-like phosphonate protease inhibitors (ILPPD 

20 Preparation of the intermediate phosphonate esters l-24» 

The structures of the intermediate phosphonate esters 1 to 22 and the structures of the 
coii5)onent groups R^ R\ R^, R^', R", X and X? of this invention are shown in Charts 1-3. 
The structures of the R^R^NH components are shown in Chart 4; the structures of the amines 
25 components R^NHCH(R^CONHR'^ are shown as the structures Al - A16 in Chart 4. The 
structures of the R^XCH2 groups are shown in Chart 5, and those of the R^^CO components 
are ilhistrated in Chart 6. The structures of the R^NHCH(R^COOH coniponents are shown in 
Chart 10. 

Specific stereoisomers of some of the structures are shown in Charts 1 - 10; howeva:. all 
30 stereoisomers are utilized in the syntheses of the compounds 1 to 24. Subsequent chemical 
modifications to the con5)ounds 1 to 24, as described herein, permit the synthesis of the final 
compounds of this invention. 
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The intOTnediate coinpomids 1 to 24 incorporate a phosphonate moiety (R^0)2P(0) 
connected to the nucleus by means of a variable linking group, designated as "link" in the 
attached structures. Charts 7, 8 and 9 iDustrate examples of the linking groups present in the 
structures 1-24. 

Schemes 1 - 207 flhistrate the syntheses of the intermediate phosphonate con5)Ounds of this 
inv^on, 1 - 22, and of the intermediate compounds necessary for their synthesis. The 
preparation of the phosphonate esters 23 and 24, in which a phosphonate moiety is 
incorporated into one of the groups R^, R\ R^, R^^ or R" is also described below. In 
coii?)ounds 2, 6, 23 and 24 where two groups are the same Chart 4 it is noted that these 
groups may be independent or identical 
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Chart 1 




link-P(0)(0R^)2 




link-P(0)(0i=li)2 



OH 



O^NH 




link-P(0)(0R^)2 



(R^0)2P(0)Hnk-^ 




0'***^NHR'* 



4 



(R^0)2P(0)Iink 14 




O'^NHR^ 



R2 



^OMe 
MeO-|r4rlink-P(0)(OR^ )z 

OH <^ 





Me 




Q j{jyH2link-P(0)(ORi)2 



8 



"GH2linkP(0)(0R^) 

2 



R^ = H, aikyi, haioalkyi, alkenyl, aralkyl, aryl 

R^ = CH(GH3)3: CH2CF3: CH2C6H4(CH3)-2: CH206H3(CH3)2 2.6 
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R" = phenyl, alkyl 

= H, alkyi, haloalkyi, alkenyl, aralkyl, aryl 

R^ = CH{CH3)3; CH2CF3; CH2C6H4(CH3)-2; CH2C6H3(CH3)2 2,6 

R® = morphoiino or methoxy 



I: 
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Charts 




(R^0)2P(0)-tink 



"CH2-Iink-P(0)(OR^)2 



18 





X 



f 



llnk-P(0)(0R^)2 



NH 

Me'^CH2linkP(0)(ORi)2 



20 



21 



X 



(R^0)2P(0)-link 



O r8 H OH 



»11 




NR^^F 



X 



23 



Rl^NyXj^X^NR^aRSa 



24 



R'^a = phosphonate containing R' 



R^ = H, alkyi, haloaikyt, alkenyl, aralkyl. aryi 

R^ = C(CH3)3; CH2CF3: CH2C6H4{CH3)-2; CH2C6H3(CH3)2 2,6 
r8 = aikyi, CH2S02CH3.C(CH3)2S02CH3,CH2CONH2, CH2SCH3, imiclaz-4-ylmethyl, 
CH2NHAC. CH2NHCOCF3 
R^= morpholino; alkoxy. . 
R^^ = phenyl, alkyI 

X, X" = S, direct bond 
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Chart 4 Structures of the R^R^NH compon^its 




A20 A21 
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Chart 5. Structures of the R^XCHa groups. 



R^SCHg =S-alkyl 



24 



R^CH2= alkyi 

27 H2 








25 


26 


Y = H,F 




0 
28 


29 



30 30a 30b 

HgC-^O-^ HaC^O-^ HaC^S^ H2C S 3^ 
30e 30f 




31 

Y = H. OC2H5. OCH2C6H5. MeO, (MeO)2, (MeO)3. CH2CH2OH. OH. Ha. CN. Ph. OCHgO. OCHaPh 



Chart 6. Structures of the R^'^CO components 

O B« O R8 

R^0CO=alkylG)CO Bi/SOg ^''"^N CO jj^^j^'^O^N'^CO 

32 33 34 
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Chart 7. Examples of linking groups 



OH 
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)^NHR* 
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Chart 8. Examples of linking groups 



r5 
I 




L17 
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Chart 9. Examples of linking groups 

O k„ O FP " (R^0)2{0)P 



(R^ 0)2P(0)CH=CHCH2 



R5 
1 

X 




LI 8 



R' 



R^^N 

T 
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O O R8 

Rli L19 



X 



O R8 OH i^'^ 

> R^1 



> 

P(0)(0R1)2 
CH2P(0)(OR^)2 



L21 




j;;pS(CH2)20CH2P{0)(OR^)2 



NHR'* 
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Chart 10- structures of the R^NHCH(R®)COOH components 



X = NH.CHa 
Ci 




HN N-R^2 



HO2C/,. 
HN 



CO 
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C3 
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H02C„.^.,»S 



HN^ 
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C4 



H2C (H3C)2C, 



HaQ^^ H2C H2C H2C ' 



H2Q 
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C7 C8 




C9 




Be For CI 



01 Ob 





B= F or CI 
R-Me 
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R«= 

Rl3 



CX)H2Ph 
S-3-pyriclyl 
S-4-pyridyl 
OCH2-4-pyridyl 




O^OH 
Me 

CI 4 



CIS 




CI 6 
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Protection of reactive substituents. 

Depending on the reaction conditions employed, it may be necessary to protect certain 
5 reactive substituents from unwanted reactions by protection before the sequence described, 
and to deprotect the substituents afterwards, according to the knowledge of one skilled in the 
art. Protection and deprotection of functional groups are described, for exan^Ie, in Protective 
Groups in Organic Synthesis, by T.W. Greene and P.GJM Wuts, Wiley, Second Edition 1990. 
Reactive substituents which may be protected are shown in the acconq>anying schemes as, for 
10 example, [OH], [SH]. 

Preparation of the phosphonate ester intermediates 1 in which X is a direct bond. 

The intermediate phosphonate esters 1, in which the group A is attached to the aminoindanol 

15 moiety, are prepared as shown in Schemes 1 and 2. 

In this procedure, the propionic acid 1.1, or an activated derivative thereof, is reacted with an 
aminoindanol derivative 1.2, in which the substituent A is either the group hnk-P(O)(0R^)2 or 
a precursor such as [OH], [SH], [NH], Br, to afford the amide 1.3. The preparation of the 
aminoindanol derivatives 1.2 is described in Schemes 133 - 137. 

20 The preparation of amides from carboxyhc acids and derivatives is described, for example, in 
Organic Functional Group Preparations, by S.R,Sandler and W. Karo, Academic Press, 1968, 
p. 274* The carboxyhc acid is reacted with the amine in the presence of an activating agent, 
such as, for exanQ)le, dicyclohexylcarbodiimide or diisopropylcarbodiimide, optionally in the 
presence of, for example, hydroxybenztriazole, in a non-protic solvent such as, for exanq>le, 

25 pyridine, DMF or dichloromethane, to aJBbrd the amide. 

Alternatively, the carboxyhc acid may first be converted into an activated derivative such as 
the acid chloride or anhydride, and then reacted with the amine, in the presence of an organic 
base such as, for exanq>le, pyridine, to afford the amide. 

The conversion of a carboxyhc acid into the corresponding acid chloride is effected by 
30 treatment of the carboxyhc acid with a reagent such as, for example, thionyl chloride or oxafyl 
chloride in an inert organic solvent such as dichloroDG^thane. 
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Preferably, the carboxylic acid 1.1 is reacted with an equimolar amount of the anrine 1.2 in the 
presence of dicyclohexylcarbodiimide and hydroxyben2lriazole, in an aptotic solvent such as, 
for examgple, tetrahydrofaran, at about ambient tenq)erature, so as to afford the amide product 
1.3. The amide is then reacted with 2-(S)glycidyl tosylate 1.4, or an equivalent thereof, such 
as, for example, 2-<S) glycidyl p-nitrobenzenesulfonate, as described in Tet Lett., 35, 673, 
1994. To effect the reaction, the amide 1.3 is first converted into the a-anion, by treatment 
with a strong base, such as, for example, sodium hydride, potassium tert. butoxide and die 
like. The anion is then reacted with the epoxide 1.4, or an equivalent, as described above, in 
an inert solvent such as, for example, dimethylfonnamide, dioxan and the like. The reaction is 
conducted at a tenq)erature of from O^C to -lOO'C to yield the alkylated product 1.5. 
Preferably, equimolar amounts of the amide 13 and the epoxide 1.4 are dissolved in 
tetrahydrofiiran at about -SO'^C, and a slight excess of lithium hexamethyldisayla2dde is added, 
as described in WO 9612492 and Tet. Lett., 35, 673, 1994. The temperature is raised to 
about -25'C to effect stereoselective alkylation and conversion to the epoxide 1.5. 
The thus-obtained epoxide 1.5 is then subjected to a regiospecific ring-opening reaction with 
the amine 1.6 to yield the hydroxyamine 1.7. The preparation of hydroxyamines by the 
reaction between an amine and an epoxide is described, for example, in Organic Functional 
Group Preparations, by S. R. Sandler and W. Karo, Academic Press, 1968, p. 357. The amine 
and the epoxide are reacted together in a polar organic solvent such as, for example, 
dimethylfonnamide or an alcohol, to effect the ring-opening reaction. 

Preferably, equimolar amounts of the amine 1.6 and the epoxide 1.5 are heated in isopropanol 
at reflux for about 24 hours, to prepare the hydroxyamine product 1.7, for example as 
described in WO 9628439 and Tet. Lett, 35, 673, 1994. 

The hydroxyamine product 1.7 is then deprotected to remove the acetonide group and 
produce the con5)ound 1.8 in which A is either the group link-P(0)(0R')2 or a precursor such 
as [OH], [SH], [NH], Br. Acetonide protecting groups are removed by treatment with an acid, 
for example acetic add or dilute hydrochloric add, optionally m the presence of water and a 
water-miscible organic solvent such as, for example, tetrahydrofiiran or an alcohoL 
Preferably, the acetonide protecting group is removed by treatment of the acetonide 1.7 with 
6N hydrochloric acid in isopropanol at ambient temperature, as described in WO 9612492, to 
afford the indanol 1.8. 
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TTie reactions shown in Scheme 1 illustrate the pr^aration of the compounds 1.8 in which A 
is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], [NH], Br. Scheme 2 
depicts the conversion of the coiiq)Ounds 1.8 in which A is [OH], [SH], [MH], Br, into tte 
compounds 1 in which A is the group link-P(0)(0R^)2. In this procedure, the con5)ounds 1.7 
5 are converted, using the procedures described below. Schemes 133 - 197, into the compounds 
2.1. Deprotection, by removal of the acetonide protecting group, as described above, then 
affords the intern^diate phosphonate esters 1 in which X is a direct bond. 

In the preceding and following schenoes, the conversion of various substituents into the group 
10 link-P(0)(0R')2 can be eflFected at any convenient stage of the synthetic sequence, or in the 
final step. The selection of an appropriate step for the introduction of the phosphonate 
substituent is made after consideration of the chemical procedures required, and the stability of 
the substrates to those procedures. It may be necessary to protect reactive groups, for 
example hydroxyl, during the introduction of the group Iink-P(0)(0R^)2. 
15 In the preceding and succeeding examples, the nature of the phosphonate ester group can be 
varied, either before or after incorporation into the scaffold, by means of chemical 
transformations. The transformations, and the methods by which they are accomplished, are 
described below (Scheme 199). 
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Scheme 1 



Me 




Preparation of the phosphonate ester intermediates 1 in which X is sulfiir. 

Schemes 3 and 4 iJlustrate the preparation of the phosphonate esters 1 in which X is sulfur. As 
shown in Scheme 3, methyl 2-allyl-3-hydroxypropionate 3.1, prepared as described in Tet 
Lett., 1973, 2429, is converted ioto the benzyl ethea* 3.2. The conversion of alcohols into 
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ben2yl ethers is described in Protective Groups in Organic Synthesis, by T.W. Greene and 
P.GM Wuts, Wiley. Second Edition 1990, p. 47. The reaction is effected by treatment of the 
carbinol with a benzyl halide, in the presence of a base such as potassium hydroxide, siWer 
oxide, sodium hydride and the like, in an organic or aqueous organic solvent, optionally in the 
presence of a phase transfer catalyst. Preferably, the carbinol 3.1 is reacted with benzyl 
bromide and silver oxide in dimethylformanaide at ambient temperature for 48 hours, to afford 
the product 3.2. The benzyl ether is then subjected to an epoxidation reaction to produce the 
epoxide 3.3. The conversion of olefins into epoxides is described in Conq)rehensive Organic 
Transformations, by R. C. Larock, VCH, 1989, p. 456. The reaction is performed by the use 
of a peracid such as peracetic acid, m-chloroperbenzoic acid or monoperphthalic add, 
optionally in the presence of a base such as potassium carbonkte or sodium bicarbonate, or by 
the use of tert. butyl hydroperoxide, optionally in the presence of a chiral auxihary such as 
diethyl tartrate. Preferably, equimolar amounts of the olefin and m-chloroperbenzoic add are 
reacted in dicMoromethane in the presence of sodium bicarbonate, as described in Tet. Lett., 
849, 1965, to afford the epoxide 3.3. This compound is then reacted with the amine 1.6 to 
yield the hydroxyamine 3.4. The reaction is performed as described above for the preparation 
of the hydroxyamine 1.7. The hydroxyl substituent is then protected by conversion to the silyl 
ether 3.5, in which OTBD is tert. butyldimethylsilyloxy. The preparation of silyl ethers is 
described in Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley. 
Second Edition 1990, p. 77. The reaction is effected by treatment of the carbinol with tert. 
butylcMorodimethylsilane and a base such as imidazole, dnnethylaminopyridine or 2,6-latidine, 
in an organic solvent such as dichloromethane or dimethylfi>rmaniide. PrefCTably, equimolar 
amounts of the carbinol, tert. butylcMorodimethylsilane and imidazole are reacted in 
dimethylformamide at ainbient temperature to give the sflyl ether 3.5. The benzyl ether is thm 
removed to afford the carbinol 3.6. The removal of benzyl protecting groups is described in 
Protective Groups in Organic Synthesis, by T.W. Greene and P.GM Wuts, Wfley, Second 
Edition 1990, p. 49. The conversion is effected by means of catalytic hydrogenation over a 
palladium catalyst, vMi hydrogen or a hydrogen transfer agent, or by electrolytic reduction, by 
treatment with trimethylsilyl iodide, or by the use of a Lewis acid such as boron trifhioride or 
stannic chloride, or by oxidation with ferric chloride or ruthenium dioxide. Preferabty, the 
benzyl ether is removed by reaction of the substrate with 5% palladmm on carbon catalyst and 
ammonium formate in refluxing methanol, as described in Synthesis, 76, 1985. The resultant 
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caibinol 3.6 is then converted into the mesylate ester 3.7 by reaction with one molar equivalent 
of methanesulfonyl chloride or anhydride, in an organic solvent such as dicWoromethane, and 
in the presence of a base such as dimethylaminopyridiQe or diisopropylethylamine. The 
product 3.7 is then reacted with the thiol R^SH, to prepare the thioether 3.9. The preparation 

5 of thioethers by alkylation of thiols is described in Synthetic Organic Chemistry, by R. B. 
Wagner, H. D. Zook, Wiley, 1953, p. 787. The reaction is effected by treatment of the thiol 
with a base such as sodium hydroxide, potassium carbonate or diazabicyclononene, in a 
solvent such as ethanol or dioxan, in the presence of the mesylate 3.7, to afford the product 
3.9. The methyl ester moiety present in the latter compound is then hydrolyzed to give the 

10 carboxylic acid 3.10. Tte transformation is effected hydrolytically, for example by the use of 
an alkali metal hydroxide in an aqueous organic solvent, or enzymk^aHy, for example by the 
use of porcine liver esterase, as described in J. Am. Chem. Soc, 104, 7294, 1982. Preferably, 
the ester group is hydrolyzed by treatment of the ester 3.9 with one molar equivalent of 
lithium hydroxide in aqueous methanol at ambient temperature, to give the carboxylic acid 

15 3.10. The latter conq?ound is then reacted, as described above, with the aminoindanol 

acetonide 13 to give the amide 3.11. Removal of the acetonide group, as described above, 
with concomitant desilylation, then affords the hydroxyamide 3.12. 

The reactions shown in Scheme 3 illustrate the preparation of the compounds 3.12 in which A 
is either the group link-P(0)(0R*)2 or a precursor such as [OH], [SHI, INH]» Br. Scheme 4 
20 depicts the conversion of the compounds 3.11 in which A is [OH], [SH], [NH], Br, into the 
phosphonate esters 1 in which X is sulfur. In this procedure, the compounds 3.11 are 
converted, using the procedures described below, Schen^s 133 - 197, into the compounds 
4.1. Deprotection, by removal of the acetonide protecting group, as described above, then 
affords the intermediate phosphonate esters 1 in which X is sulfur. 

25 
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Scheme 3 
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Pr^aration of the phosphonate ester intermediates 2 in which X is a direct bond* 

5 Schemes 5 and 6 iltustrate the preparation of the phosphonate esters 2 in which X is a direct 
bond. As shown in Scheme 5, the substituted, phenyl propionic ester 5.1» in which the 
substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], [NH], 
Br, is reacted with the glyddyl tosylate 1.4 to afford the alkylated product 5.2. The 
preparation of the phenylpropionic esters 5.1 is described below, (Schemes 138 - 143). The 

10 reaction is performed as described above for the preparation of the oxirane 1.5. The product 
SJ2 is then reacted with the amine R^R^NH (1.6) to yield the hydroxyaniine 53. The reaction 
is performed as described above for the preparation of the hydroxyamine 1.7. The secondary 
hydroxy group is then protected, for exanipl& by conversion to the tert. butyldimethyl silyl 
eth^ 5.4, using the conditions described above for the preparation of the sifyl ether 3.5. The 

IS methyl ester is then hydrolyzed to produce the carboxylic acid 5.5, using the conditions 

described above for the hydrolysis of the methyl ester 3.9. The carboxylic acid is then coupled 
with the amine 1.6 to give the amide 5.6. The reaction is effected under the conditions 
described above for the preparation of the amide 13. The product is desifylated, for exaiqple 
by treatment with IM tetrabutyl ammonium fluoride in tetrahydrofuran, as described in J. Am. 

20 Chem. Soc, 94, 6190, 1972, to give the carbiuol 5.7. 

The reactions shown in Scheme 5 illustrate the preparation of the confounds 5.7 in which the 
substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], [NH], 
Br, as described herein. Scheme 6 depicts the conversion of the compounds 5.7 in which A is 
25 [OH], [SH], [NH], Br, into the phosphonate esters 2 in which X is a direct bond. In this 

procedure, the con^>ounds 5.7 are converted, using the procedures described below. Schemes 
133 - 197 y into the compounds 2. 
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Scheme 5 
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Preparation of the phosphonate ester intermediates 2 in which X is sulfur. 

Schemes 7 and 8 iflustrate the preparation of the phosphonate esters 2 in which X is suffiir. As 
shown in Scheme 7, the mesylate 3.7 is reacted with the thiophenol 7.1, in which the 
sabstituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], [NH], 
Br, to afford the thioether 7.2. The reaction is performed under the same conditions as 
described above for the preparation of the thfoether 3.9. The preparation of the thiophenols 
7.2 is described m Schemes 144 - 153. Tbt product 7.2 is then transformed, using the 
sequence of reactions described above for the conversion of the ester 5.4 into the aminoamide 
5.7, into the aminoamide 73. 

The reactions shown in Scheme 7 illustrate the preparation of the conq)ounds 7.3 in which the 
substituent A is either the group link-P(0)(0R')2 or a precursor such as [OH], [SH], [NH], 
Br. Scheme 8 depicts the conversion of the compounds 7.3 in which A is [OH], [SH], [NH], 
Br, into the phosphonate esters 2 in which X is sulfur. In this procedure, the coii5)ounds 7.3 
are converted, using the procedures described below. Schemes 133 - 197, into the con5>ounds 
2. 

Preparation of the phosphonate ester intermediates 3 m which X is a direct bond. 

Schemes 9 and 10 illustrate the preparation of the phosphonate esters 3 in which X is a direct 
bond. As shown in Scheme 9, the methyl ester 9.1 is reacted, as described above, (Scheme 1) 
with the epoxide 1.4 to afford the alkylated ester 9.2. The product is then reacted with the 
amine 93, in which the substituent A is either the group link-P(0)(0R^)2 or a precursor, to 
yield the hydroxyamine 9.4. The preparation of the tert. butylamme d«ivatives 93 is 
described below, (Schemes 154 - 158). The hydroxyamine is then transformed, using the 
sequence of reactions described above for the conversion of the aminoester S3 into the 
aminoamide 5.7, into the aminoamide 9.5. 

The reactions shown in Scheme 9 illustrate the preparation of the compounds 9.5 in which the 
substituent A is either the group link-P(0)(0R*)2 or a precursor such as [OH], [SH], [NH], 
Br. Scheme 10 depicts the conversion of the compounds 9.5 in which A is [OH], [SH], [NH], 
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Br, into the phosphonate esters 3 in which X is a direct bond. In this procedure^ the 
co3iq)Ounds 9.5 are converted, using the procedures described below. Schemes 133 - 197, into 
the compounds 3. 

Preparation of the phosphoaate ester mtermediates 3 in whidi X is salfiin 

Schemes 11 and 12 Hhistrate the preparation of the phosphonate esters 3 in which X is sulfur. 
As shown in Scheme 11, the benzyl-protected oxirane 33 is reacted, as described above, with 
the substituted tert. butylamine 93 to afford the hydroxyamiae 11.1. The product is then 
converted, using the sequence of reactions shown in Schen^ 5 for the conversion of the 
hydroxyamine 5.3 into the aminoamide 5.7, into .the aminoamide 11.2. 

The reactions shown in Scheme 11 illustrate the prq>aration of the compounds 11.2 iu which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 12 depicts the conversion of the compounds 11.2 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 3 in which X is sulfur. In this procedure, the 
con^MDimds 11.2 are converted, using the procedures described below. Schemes 133 - 197, 
into the confounds 3. 
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Pr^aration of the phosphonate ester inteimediates 4 in which X is a direct bond. 

Schemes 13 and 14 iUustrate the preparation of the phosphonate esters 4 in which X is a direct 
bond. As shown in Scheme 13. the oxirane 9.2 is reacted, as described m Scheme 1. with the 
pyridyl piperazine deiivalive 13.1 to produce the hydroxyamine 13.2. The prq)aration of the 
pyridyl piperazine derivatives 13.1 is described in Schemes 159 - 164. The product is then 
transformed, as described previously, (Scheme 5) into the amide 133. 

The reactions shown in Scheme 13 ilhistrate the preparation of the compounds 133 in which 
the substituent A is either the group link-P(0)(0R')2 or a precursor such as {OH], [SH], 
[NHJ, Br. Scheme 12 dqiicts the conversion of the con5)ounds 133 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 4 in which X is a direct bond. In this procedure, 
the compounds 133 are converted, using the procedures described below. Schemes 133 - 197, 
into the compounds 4. 

Pteparation of the phoq»honate ester intermediates 4 in which X is sulfur. 

Schemes 15 and 16 iltostrate the preparation of the phosphonate esters 4 in which X is sulfur. 
As shown in Scheme 15, the benzyl-protected oxirane 33 is reacted, as described above, with 
the pyridyl pipenamc derivative 13.1 to afford the hydroxyamine 15.1. The product is then 
converted, as described above (Schane 5) into the aminoamide 15.2. 

The reactions shown in Scheme 15 illustrate the preparation of the compounds 15.2 in which 
the substituent A is either the group link-P(0)(OR')2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 16 depicts the conversion of the conqwunds 15.2 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 4 in which X is sulfur. In this procedure, the 
compounds 15.2 are converted, using the procedures described below. Schemes 133 - 197. 
into the conqpounds 4. 
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Preparation of the phospbonate ester intermediates 5 in which X is a direct bond. 

Schemes 17 and 18 illustrate the preparation of the phosphonate esters 5 in which X is a direct 
bond. As shown in Scheme 17, the oxirane 9.2 is reacted, as described in Scheme 1, with the 
decahydroisoquinohne derivative 17.1 to produce the hydroxyamine 17.2. The preparation of 
the decahydroisoquinohne derivatives 17.1 is described in Schemes 192 - 197. The product is 
then transformed, as described previously, (Scheme 3) into the amide 17.3. 

The reactions shown in Scheme 17 illustrate the preparation of the con5)ounds 17.3 in which 
the substituent A is either the group Unk-P{0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 18 depicts the conversion of the con5)ounds 173 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 5 in which X is a direct bond. In this procedure, 
the compounds 17.3 are converted, using the procedures described below. Schemes 133 - 197, 
into the compounds 5. 

Preparation of the phosphonate ester intermediates 5 in which X is sulfur. 

Schemes 19 and 20 illustrate the preparation of the phosphonate esters 5 in which X is sulfur. 
As shown in Scheme 19, the benzyl-protected oxirane 3.3 is reacted, as described above, with 
the decahydroisoquinohne derivative 17.1 to afford the hydroxyamine 19.1. The product is 
then converted, as described above (Scheme 5) into the aminoamide 19.2. 

The reactions shown in Scheme 19 illustrate the preparation of the coii5>oimds 19.2 in which 
the substituent A is either the group lmk-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 20 depicts the conversion of the compounds 19.2 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 5 in which X is sulfur. Li this procedure, the 
con^)ounds 19.2 are converted, usmg the procedures described below. Schemes 133 - 197, 
into the compounds 5. 
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Preparation of the phosphonate ester intermediates 6 in which X is a direct bond. 

Schemes 21 and 22 ilhistrate the preparation of the phosphonate esters 6 in whkh X is a direct 
bond. As shown in Scheme 21, the glycidyl tosylate 1.4 is reacted, as described in Scheme 5, 
with the anion of the dimethoxyphenyl propionic ester 21.1 to afford the alkylated product 
21.2. The preparatk)n of the dimethoxyphenyl propionic ester derivatives 21.1 is described in 
Scheme 186. The product is then transformed, as described previously, (Scheme 5) into the 
amide 213. 

The reactions shown in Schen^ 21 illustrate the preparation of the con5)ounds 213 in which 
the substituent A is either the group hnk-P(0)(0R*)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 22 depicts the conversion of the conq)ounds 213 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 6 in which X is a direct bond. In this procedure, 
the compounds 213 are converted, using the procedures described below. Schemes 133 - 197, 
into the conmounds 6. 

Preparation of the phosphonate ester intermediates 6 m which X is sulfur. 

Schemes 23 and 24 iBustrate the preparation of the phosphonate esters 6 in which X is sulfur. 
As shown in Scheme 23, the mesylate 3.7 is reacted, as described in Scheme 3, with the 
dimethoxyphenyl mercaptan 23.1 to yield the thioether 23.2. The preparation of the 
substituted thiols 23.1 is described below in Schemes 170 - 173. The product is then 
converted, as described above (Scheme 5) into the aminoamide 233. 

The reactions shown in Scheme 23 iOustrate the pi^paration of the coropounds 233 in which 
the substituent A is eith^ the group link-P(0)(0R*)2 or a precursor such as [OH], [SH], 
tNHj, Br. Scheme 24 depicts the conversion of the conqjounds 233 in which A is [OH], 
[SH], [NH], Br, into the phosphonate est^ 6 in which X is sulfur. In this procedure, the 
con5)ounds 233 are converted, using the procedures described below, Schen^ 133 - 197, 
into the confounds 6. 



-468- 



wo 03/090690 



PCT/US03/12901 



Preparation of the phosphonate ester intermediates 7 in whidi X is a direct bond. 

Schemes 25 and 26 Dhistrate the preparation of the phosphonate esters 7 in which X is a direct 
5 bond. As shown in Scheme 25, the oxirane 9J2 is reacted, as described above (Scheme 1) with 
the amine 1.6 to afford the hydroxyamine 25.1. The product is then converted into the silyl 
ether 25.2, usmg the procedures described in Scheme 3. The methyl ester is then hydrolyzed 
to give the carboxylic acid 253, and this compound is then coupled with the tert. butylamine 
derivative 25.4, using the procedures described in Scheme 1, to yield the amide 25.5. The 
10 preparation of the tert. butylamine derivatives 25.4 is described in Schemes 154 - 157. 
Desifylation then proc&ces the hydroxyamide 25.6. 

Tte reactions shown in Scheme 25 illustrate the preparation of the con^>ounds 25.6 in which 
the substituent A is either the group link-P(0)(0R*)2 or a precursor such as [OH], [SH], 
15 [NH], Br. Scheme 26 depicts the convmion of the compounds 25.6 in which A is [OH], 

[SH], [NH], Br, into the phosphonate esters 7 in which X is a direct bond. In this procedure, 
the compounds 25.6 are convated, using the procedures described below. Schemes 133 - 197, 
into the compounds 7. 

20 Preparation of the phosphonate ester intermediates 7 in which X is sulfur. 

Schemes 27 and 28 illustrate the preparation of the phosphonate esters 7 in which X is sulfur. 
As shown in Scheme 27, the carboxyKc acid 3.10 is coupled, as described in Scheme 3, with 
the tert. butylamine derivative 25.4 to yield the amide product 27.1. The product is then 
25 desilylated, as described above, to afford the amide 27.2. 

The reactions shown in Scheme 27 illustrate the preparation of the compounds 27 in which 
the substituent A is either the group Unk-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 28 depicts the conversion of the compounds 27.2 in which A is [OH], 
30 [SH], [NH], Br, into the phosphonate esters 7 in which X is sulfur. In this procedure, the 
cort5)ounds 27.2 are converted, using the procedures described below. Schemes 133 - 197, 
. into the corq>ounds 7. 
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Preparation of the phosphonate ester intermediates 8 in which X is a direct bond. 

Schemes 29 and 30 illustrate the preparation of the phosphonate esters 8 in which X is a direct 
5 bond. As shown in Scheme 29, the silylated carboxyhc acid 253 is coupled, as described 
above, (Scheme 1) with the amine 29.1 to afford the amide 29.2 which upon desilylation 
produces the hydroxyamide 29.3. The preparation of the ethanolamine derivatives 29.1 is 
described in Schemes 174 - 178. 

10 The reactions shown in Scheme 29 illustrate the preparation of the compounds 293 in which 
the substituent A is either the group link-P(O)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 30 depicts the conversion of the conq>ounds 29.3 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 8 in which X is a direct bond. In this procedure, 
the coropounds 293 are converted, using the procedures described below, Schemes 133 - 197, 

15 into the con^unds 8. 

Preparation of the phosphonate ester intermediates 8 in which X is sulfur. 

Schemes 31 and 32 illustrate the preparation of the phosphonate esters 8 in which X is sulfur. 
20 As shown in Scheme 31, the carboxylic acid 3.10 is coupled, as described previously, with the 
ethanolamine derivative 29.1 to yield the amide; the product is then desilylated, as described 
above, to afford the hydroxyamide 31.1. 

The reactions shown in Scheme 31 iBustrate tlie preparation of the con^unds 31.1 in which 
25 the substituent A is either the group link-P(0)(OR% or a precursor such as [OH], [SH], 
[NH], Br. Scheme 32 depicts the conversion of the compounds 31.1 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 8 in which X is sulfur. In tins procedure, the 
con^unds 31.1 are converted, using the procedures described below. Schemes 133 - 197, 
into the compounds 8. 



-470- 



wo 03/090690 



PCTAJS03/1290I 



Preparation of the phosphonate ester intermediates 9 in which X is a direct bond. 

Schemes 33 and 34 illustrate the preparation of the phosphonate esters 9 in which X is a direct 
bond. As shown in Scheme 33, the silylated carboxyiic acid 253 is coupled, as described 
above, (Scheme 1) with the chroman amine 33.1 to afford the corresponding anride. which 
upon desilylation produces the hydroxyamide 33.2. The preparation of the chroman amines 
33.1 is described in Schemes 179 - 181a. 

The reactions shown in Scheme 33 illustrate the preparation of the compounds 33.2 in which 
the substituent A is eidier the group Iink~P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 34 depicts the conversion of the confounds 33.2 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 9 in which X is a direct bond. In this procedure, 
the compounds 33.2 are converted, using the procedures described below, Schemes 133 - 197, 
into the coiiq)ounds 9. 
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Scheme 25 
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Preparation of the phosphonate ester intennediates 9 in i^hich X is sulfur* 

5 Schemes 35 and 36 illustrate the preparation of the phosphonate esters 9 in which X is sulfiir. 
As shown in Schen^ 35, the carboxylic acid 3.10 is coupled, as described previous^, with the 
chroman amine 33.1 to yield the amide; the product is then desilylated, as described above, to 
afford the amide 35.1. 

10 The reactions shown in Scheme 35 illustrate the preparation of the compounds 35.1 in which 
the substituent A is either the group liDk-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 36 depicts the conversion of the compounds 35.1 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 9 in which X is sulfiir. In this procedure, the 
coH5)oiuids 35.1 are converted, using the procedures described below. Schemes 133 - 1!>7, 

15 into the conapounds 9. 

Preparation of the phosphonate ester intermediates 10 in which X is a direct bond. 

Schemes 37 and 38 illustrate the preparation of the phosphonate esters 10 in which X is a 
20 direct bond. As shown in Scheme 37, the sil^lated carboxyfic acid 253 is coupled, as 
described above, (Scteme 1) with the phenylalanine dravative 37.1 to afford the 
corresponding amide, which upon desilylation produces the hydroxyamide 37.2. The 
preparation of the phenylalanine derivatives 37.1 is described in Schemes 182 — 185. 

25 The reactions shown in Scheme 37 illustrate the preparation of the conq>ounds 37.2 in which 
the substituent A is either the group link-P(0)(0R*)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 38 depicts the conversion of the conapounds 37.2 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 10 in whkh X is a direct bond. In this procedure, 
the conxpounds 37.2 are converted, using the procedures described below. Schemes 133 - 197, 

30 into the compounds 10. 
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Preparatioii of the phosphonate ester intermediates 10 in whicli X is sulfur. 

Schemes 39 and 40 illustrate the preparation of the phosphonate esters 10 in which X is sulfur. 
5 As shown in Scheme 39, the carboxylic acid 3.10 is coiq)led, as described previously, with the 
phenylalanine derivative 37.1 to yield the corresponding amide; the product is then desilylated, 
as described above, to afford the amide 39.1. 

The reactions shown in Scheme 39 iOustrate the preparation of the coiiq>ounds 39.1 in which 
10 the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 40 depicts the conversion of the cornpounds 39.1 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 10 in which X is sulfiar. In this procedure, the 
compounds 39.1 are converted, using the procedures described below. Schemes 133 - 197, 
into the compounds 10. 

15 

Preparation of the phosphonate ester intermediates 11 in which X is a direct bond. 

Schemes 41 and 42 illustrate the preparation of the phosphonate esters 11 in which X is a 
direct bond. As shown in Scheme 41, the silylated carboxylic acid 253 is coupled, as 
20 described above, (Scheme 1) with the decahydroisoquinoline carboxamide 41.1, prepared as 
described in Scheme 158, to afford the corresponding amide, whkh ui>on desifylation 
produces the hydroxyamide 41.2. 

The reactions shown in Scheme 41 iOustmte the preparation of the compounds 4h2 in which 
25 the substituent A is either the group link-P(0)(0R^)2 or a jnrecursor such as [OH], [SH], 
[NH], Br. Scheme 42 depicts the conversion of the compounds 41.2 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 11 in which X is a direct bond. In ttds procedure, 
the compounds 41.2 are converted, using the procedures described below. Schemes 133 - 197, 
into the compound 
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Preparation of the phoqihonate ester intermediates 11 in which X is sulfur. 

Schemes 43 and 44 illustrate the preparation of the phosphonate esters 11 in which X is sulfur. 
As shown in Scheme 43, the carbo^lic add 3.10 is coiq>led, as described previousfy, with the 
decahydroisoquinoKne carboxamide 41.1 to yield the corresponding amide; the product is then 
desilylated, as described above, to afford the amide 43.1. 

The reactions shown in Scheme 43 iHustrate the preparation of the conqx>unds 43.1 in which 
the substituent A is either the group link-P(0)(OR% or a precursor such as [OH], [SH], 
[NH], Br. Scheme 44 depicts the conversion of the con^unds 43.1 in which A is [OH], 
[SH], [NHJ, Br, into the phosphonate esters 11 in which X is sulfur. In this procedure, the 
coii5K)unds 43.1 are converted, usmg the procedures described below. Schemes 133 - 197, 
into the compounds 11. 
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Scheme 39 



A 




2d3 



R-'RN 



3.10 



37.1 




Scheme 40 



2r3RN 




SR5 

H 
N 




O R 



N 

8 H 



39.1 




linkP(0)(0R^)2 



10 



-479- 



wo 03/090690 



PCTAJS03/12901 




41.2 




43.1 

Preparation of the phosphonate ester intermediates 12 in which X is a direct bond. 



Schemes 45 and 46 illustrate the preparation of the phosphonate esters 12 in which X is a 
direct bond. As shown in Scheme 45, the silylated carboxylic acid 25.3 is coupled, as 
described above, (Scheme 1) with the decahydroisoquinoline derivative 45.1 to afford the 
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corresponding amide, which upon desHylation produces the bydroxyamide 4S.2. The 
preparation of the decahydroisoquinoline derivatives 45.1 is described in Schemes 192 - 197. 

The reactions shown in Scheme 45 iDustrate the preparation of the conqiounds 45JS in which 
5 the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
DNH], Br. Scheme 46 depicts the conversion of the compounds 45.2 in which A is [OH], 
[SH], [NH], Br, into the phosphonate est^^ 12 in which X is a direct bond. In this procedure, 
the conqK>unds 45.2 are converted, using the procedures described below. Schemes 133 - 197, 
into the con^>ounds 12. 

10 

Preparation of the phosphonate ester intmnediates 12 in wfaidi X is sulfur. 

Schemes 47 and 48 iDustrate the preparation of the phosphonate esters 12 in which X is sulfur. 
As shown in Scheme 47, the carboxylic acid 3.10 is coupled, as described previously, with the 
15 decahydroisoquinoline derivative 45.1 to yield the corresponding amide; the product is then 
desilylated, as described above, to afford the amide 47.1. 

The reactions shown in Scheme 47 illustrate the preparation of the conqx>unds 47.1 in which 
the substituent A is either the group link-P(0)(0R')2 or a precursor such as [OH], [SH], 
20 [NH], Br. SchenK^ 48 depicts the conversion of the conq)Ounds 47.1 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 12 in which X is sulfur. In this procedure, the 
confounds 47.1 are converted, using the procedures described below. Schemes 133 - 197, 
into the compounds 12. 

25 Preparation of the phosphonate ester Intermediates 13 in which X and X' are direct 
bonds. 

Schemes 49 and 50 iDustrate the preparation of the phosphonate esters 12 in which X and X* 
are direct bonds. As shown in Scheme 49, a BOC-protected aminoacid 49.1 is converted into 
30 the corresponding aldehyde 49.2. A number of methods are known for the conversion of 

cartK)xylic acids and derivatives into the corresponding aldehydes, for example as described in 
CorBprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 619-627. The 

-481- 



« 



wo 03/090690 PCT/US03/12901 

conversion is effected by direct reduction of the carboxyKc acid, for exanqile employing 
diisobutyl ahuninum hydride, as described in J. Gen. Chenx USSR., 34, 1021, 1964, or alkyl 
borane reagents, for example as described in J. Org. ChenL, 37, 2942, 1972. Alternatively, the 
caiboxylic acid is converted into an amide, such as the N-methoxy N-methyl amide, and the 
5 latter compound is reduced with lithium aluminum hydride, for exanq>le as described in J. 
Med. Chem., 1994, 37, 2918, to afford the aldehyde. Altemativety, the carbo;^lic acid is 
reduced to the corresponding carbinol which is then oxidized to the aldehyde. The reduction 
of carboxylic acids to carbinols is described, for example^ in Comprehensive Organic 
Transformations, by R. C. Larock, VCH, 1989, p. 548fif. The reduction reaction is performed 

10 by the use of reducing agents such as borane, as described in J. Am. Chem. Soc, 92, 1637, 

1970, or by lithium aluminum hydride, as described in Org. Reac, 6, 649, 1951. The resultant 
carbinol is then converted into the aldehyde by means of an oxidation reaction. The oxidation 
of a carbinol to the corresponding aldehyde is described, for exan9>le, in Comprehensive 
Organic Transformations, by R. C. Larock, VCH, 1989, p. 604ffi The conversion is eflfected 

15 by the use of oxidizing agents such as pyridinium cUorochromate, as desoibed in J.Org. 
Chem., 50, 262, 1985, or silver carbonate, as described in Compt. Rend. Ser. C, 267, 900, 
1968, or dimethyl sulfoxide/acetic anhydride, as described in L Am. Chem. Soc, 87, 4214, 
1965. Preferably, the procedure described in EP 708085 is employed. The carboxylic acid 
49.1 is first reacted with equimolar amounts of isobutyl cUoroformate and trietbylamme in 

20 tetralqrdrofuran, to afford a mixed anhydride which is then reduced by treatment with sodium 
borohydride in aqueous tefrahydro&ran at ambient ten^ierature to afford the carbinol 49.2. 
The carbinol is then oxidized to the aldehyde 49.3 by reaction with oxalyl chloride and 
dimethylsulfoxide in dichlorometbane at -60'C, as described in EP708085. To transform the 
aldehyde into the hydroxyester 49.5, ethyl 3-iodopropionate 49.4 is reacted first with a zinc- 

25 copper couple, prqpared as described in Org. Syn. CoH VoL 5, 855, 1973, and the product is 
then reacted with trichlorotitanium isopropoxide, as described in BP 708085. Hie resultant 
reagent is then treated with the aldehyde 493 in dichlorometbane at -20"C to yield the 
hydroxyester 49.5. The hydroxyester is then cyclized to the lactone 49.6 by treatment with 
acetic acid in toluene at lOO'C, as described in EP 708085. A number of alternative 

30 preparations of the lactone 49.6 are known, for exaniple as described in J. Org. Chem., 1985, 
50, 4615, J. Org. Chem., 1995, 60, 7927 and J. Org. Ctem., 1991, 56. 6500. The lactone 
49.6 is then reacted with a substituted benzyl iodide 49.7 to afford the alkylated product 49.8. 
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The preparation of the benzyl haUdes 49.7 is described below, (Schemes 165 - 169). The 
alkylation reaction is performed in an orotic organic solvent such as dimethylformamide or 
tetrahydrofbran, in the presence of a strong base such as sodium hydride or hthium hexamethyl :. 
disi^dazide. Preferably, the lactone is jBrst reacted with lithium bis(trimethylsilyj)amide in a 
5 mixture of tetrahydrofiiran and l,3-dirt»tliyltetrahydropyrinridinone, and then ethyl 3- 

iodopropioinate is added, as described in BP 708085, to prepare the alkylated lactone 49»8. 
The lactone is then converted into the corresponding hydroxyacid 49^9 by alkaline hydrolysis, 
for exaaq)le by treatment with lithium hydroxide in aqueous dimethoxyethane, as described in 
EP 708085. The hydroxyacid is them converted into the tert. butyldimethylsilyl ether 49.10, by 

10 reaction with excess chloro tert. butyldimethyMane and imidazole in dimethylformamide, 
followed by alkaline faydrofysis, eniploying potassium carbonate in aqueous methanolic 
tetrahydrofiiran, as described in EP 708085, to yield the sityl ether 49.10. The carboxylic add 
is then coiq>led, as described above (Scheme 5) with the amine R^R^NH to afford the amide 
product 49.11. The BOC protecting group is then removed to give the free amine 49.12. The 

15 removal of BOC protecting groups is described, for exanq>le, in Protective Groups in Organic 
Synthesis, by T.W. Greene and P.GM Wuts. Wiley, Second Edition 1990, p. 328. The 
deprotection can be effected by treatment of the BOC confound with anhydrous adds, for 
exan5)le, hydrogen chloride or trijQuoroacetic add, or by reaction with trimethylsilyL iodide or 
aluminum chloride. Preferably, the BOC protecting group is removed by treatment of the 

20 substrate with 3M hydrogen chloride in ethyl acetate, as described in J. Org. Chem., 43, 2285, 
1978, a procedure which also removes the silyl protecting group to afford the hydroxy amine 
49.12. The lattar compound is then coupled with the carboxylic acid R^^COOH, or a 
functional equivalent thereof, to give the amide or carbamate product 49.13. The preparation 
of amides by the reaction between amines and amides is described above (Scheme 1). 

25 Conq)ounds in which the group R^^ is alkoxy are carbamates; the preparation of carbamates is 
described below (Scheme 198) 

The reactions shown in Scheme 49 illustrate the preparation of the compounds 49.13 in which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 50 depicts the conversion of the con^>ounds 49.13 in which A is [OH], 
30 [SH], [NH], Br, into the phosphonate esters 13 in which X and X' are direct bonds. In this 
procedure, the compounds 49.13 are converted, using the procedures described below. 
Schemes 133 - 197^ into the conroounds 13. 
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Preparation of the phosphonate ester intermediates 13 in wliich X is a direct bond and 
X* is snlfar. 

5 Schemes 51 and 52 illustrate the preparation of the phosphonate esters 13 in which X is a 
direct bond and X' is suMur. In this procedure, BOC serine methyl ester mesylate, 51.1, the 
preparation of which is described in Synlett., 1997, 169, is reacted with the thiol 51^, 
employing the conditions described in Scheme 3, to prepare the thioether 513. The methyl 
ester group is then transformed into the corresponding aldehyde 51.4. The reduction of esters 

10 to aldehydes is described, for example, in Comprehensive Organic Transformations, by R. C. 

« 

Larock, VCH, 1989, p. 621. The conversion is efiE&cted by treatment with diisobutyl 
aluminum hydride, sodium aluminum hydride, lithium tri-tertiary butoxy aluminum hydride and 
the Kke. Preferably, the ester 51.3 is reduced to the aldehyde 51.4 by reaction with the 
stoichiometric amoxmt of diisobutyl aluminum hydride in toluene at -SO^C, as described in 
15 SyiL, 617, 1975. The aldehyde is then transformed iuto the diamide 51.5, using the sequence 
of reactions and reaction conditions described above (Scheme 49) for the conversion of the 
aldehyde 493 into the diamide 49.13. 

The reactions shown in Scheme 51 illustrate the preparation of the compounds 51.5 in which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
20 [NH], Br. Scheme 52 depicts the conversion of the confounds 51.5 in which A is [OH], 

[SH], [NH], Br, into the phosphonate esters 13 in which X is a direct bond and X* is sulfur. In 
this procedure, the compounds 51.5 are converted, using the procedures described below. 
Schemes 133 - 197, into the conq)Ounds 13. 

25 Preparation of the phosphonate ester intermediates 13 in which X and X' are sulfur* 

Schemes 53, 54 and 55 illustrate the preparation of the phosphonate esters 13 in which X and 
X* are sulftir. As shown in Schen^ 53, the aldehyde 51.4 is reacted with the dianion of N- 
methylmethacrylamide 53.1 to form the hydroxyamide 53.2. The dianion is generated by 
30 treatment of N-methyhnethacrylamide with two equivalents of an aJkyOithium, for example n- 
butyHithium, in an organic solvent such as tetrahydrofuran or dimethoxyethane, as described in 
J. Org. Chem., 1986, 51, 3921. The dianion is then reacted with the aldehyde in the presence 
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of chlorotitamum triisopropoxide, to afford the olefinic andde 53.2. The product is cyclized to 
produce the methylene lactone 53.3 by heating in an inert solvent such as xylene, at reflux 
ten^)erature, as described in J. Org. Chem., 1986, 51, 3921. The methylene lactone is then 
reacted with the thiol 53.4 to yield the thioether 53.5. The preparation of the thiols 53.4 is 
5 described below, (Schemes 170 - 173). The addition of thiols to methylene lactones 

analogous to the conqK>und S33 is described in J. Org. Chem., 1986, 51, 3921. Equimolar 
amounts of the reactants are combined in an alcoholic solvent such as methanol at about dC'C, 
in the presence of a terdaiy base such as triethylamine, to give the addition product 53.5. The 
latter compound is then subjected to basic hydrolysis, for exaniple by reaction with lithium 
10 hydroxide, as described above, (Scheme 49) to produce the hydroxyacid 53.6. The product is 
silylated, as described in Scheme 49, to give the silylated carbinol 53.7, and the product is then 
converted, as described in Scheme 49, into the diamide 53.8. 

Scheme 54 illustrates an altemathre method for the preparation of the diamides 53.8. In this 
15 procedure, the anion of the lactone 54.1, obtaiaed as an intermediate in the conversion of the 
aldetqrde 51.4 into the diamide 51j5, (Scheme 51) is reacted with formaldehyde or a functional 
equivalent thereof, to afford the hydroxymethyl compound 54.2. The graeration of the anion 
of lactones analogous to 54.1, and alkylation thereof, is described above in Scheme 49. 
Preferably, the anion is prepared by reaction of the lactone, in a solvent mixture connposed of 
20 tetrahydrofuran and 1,3-dimethyltetrahydropyrinndinone, with lithium bis(tximethylsilyl)amide, 
as described in EP 708085, and formaldehyde, generated by pyrolysis of paraformaldehyde, is 
then introduced in an inert gas stream. The hydroxymethyl product is then converted iato the 
corresponding mesylate 543, by reaction with methanesulfonyl chloride in dichloromethane 
containing a tertiary base such as triethylamine or dimethylaxpinopyridine, and the mesylate is 
25 then reacted with the thiol reagent 53.4, using the procedure described above for the 

preparation of the thioether 513, to yield the tliioether 53.5. The product is then transformed, 
as described above, into the diarmde 53.8. 

The reactions shown in Schemes 53 and 54 illustiate the preparation of the confounds 53.8 in 
which the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], 
30 [SH], [NH], Br. Scheme 55 depicts the conversion of the conipounds 53.8 in which A is 
[OH|, [SH], [NH], Br, into the phosphonate esters 13 in which X and X' are sulfur. In this 
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procedure, the coiopounds 53.8 are converted, using the procedures described below. 
Schemes 133 - 197 y into the confounds 13. 
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Scheme 49 
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Scheme 53 . 
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Preparation of the pho^honate ester intemiediates 13 in which X is sulfur and X* is'a 
direct bondL 

5 Schemes 56 and 57 iDostrate the preparation of the phosphonate esters 13 in which X is sulfur 
and X' is a direct bond. In this procedure, the BOC-protected aldehyde 493 is converted, as 
described in Schmie 53, into the methylene lactone 56.1. The lactone is then reacted with the 
thiol 53.4 and a base, as described in Scheme 53, to yield the tMoether 56.2. The thioether is 
then transformed, as described in Scheme 53, into the diamide 563. 

10 The reactions shown in Scheme 56 illustrate the preparation of the con:;>ounds 563 in which 
the substituent A is eithCT the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 57 depicts the conversion of the compounds 563 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 13 in which X is sulfur and X' is a direct bond. In 
this procedure, the conq>ounds 56.3 are converted, using the procedures described below, 

15 Schemes 133 • 197, into the compounds 13. 

Preparation of the phosphonate ester intermediates 14 in which X and X* are direct 
bonds. 

Schemes 58 and 59 illustrate the preparation of the phosphonate esters 14 in which X and X 
20 are direct bonds. In this procedure, the lactone 49.6 is reacted, as described in Scheme 49, 
with a substituted benzyl iodide 58.1, to produce the alkylated compound 58.2. The 
preparation of the h&azyl iodides 58.1 is described in Schemes 187 - 191. The product is then 
transformed, as described in Scheme 49, into the diamide 583. 

The reactions shown in Scheme 58 iBustrate the preparation of the conqiounds 583 in which 
25 the substituent A is eitlier the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 59 depicts the conversion of the conq>ounds 583 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 14 in which X and X are direct bonds. In this 
procedure, the compounds 583 are converted, using the procedures described below. 
Schemes 133 - 197, into the conq)ounds 14. 

30 
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Preparation of the phospbonate ester iBtermediates 14 in which X is a direct bond and 
X' is sulfur. 

Schemes 60 and 61 iUnstrate the preparation of the phosphonate esters 14 in which X is a 
direct bond and X" is sidfiir. In this procedure, the lactone 54.1 is reacted, as described in 
5 Scheme 49, with a substituted benzjd iodide 58.1, to produce the alkylated confound 60.1. 
The product is then transfomied, as described in Scheme 49, into the diamide 60.2. 

The reactions shown in Scheme 60 iOustrate the preparation of the compounds 60.2 in which 
the substituent A is either the group Hnk-P(0)(0R*)2 or a precursor such as [OHj, [SH], 
[NH], Br. Scheme 61 depicts the conversfon of the con^unds 60.2 in which A is [OH], 
10 [SH], [NH], Br, into the phosphonate esters 14 in which X is a direct bond and X' is solfhr. In 
this procedure, the conipounds 60.2 are converted, using the procedures described below. 
Schemes 133 - 197, into the compounds 14. 

Preparation of the phosphonate ester intermediates 14 in which X and X* are solfar. 

15 Schemes 62, 63 and 64 illustrate the preparation of the phosphonate esters 14 in which X and 
X' are sulfur. As shown in Scheme 62, the methylene lactone 533 is reacted, as described in 
Scheme 53, with a substituted tbiophraol 62.1 to produce the addition product 62.2. The 
prq>aration of the substituted thiophenols 62.1 is described below, (Schemes 144 - 153). The 
product is then transformed, as described ni Scheme 53, into the diamide 623. 

20 Scheme 63 iDustrates an alternative method for the preparation of the diamide 623. In this 
procedure, the mesylate 543 is reacted, as described in Scheme 54, with the thiol 62.1 to 
afford the alkylation product 63.1. The product is then transformed, as described in Scheme 
53, into the diamide 623. 

The reactions shown in Schemes 62 and 63 illustrate the preparation of the conq)Oimds 623 in 
25 which the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], 
[SH], [NH], Br. Scheme 64 depicts the conversion of the compounds 623 in which A is 
[OH], [SH], [NH], Br, into the phosphonate esters 14 in which X and X* are sulfur. In this 
procedure, the conq>ounds 623 are converted, using the procedures described below, 
Schen^ 133 - 197, into the compounds 14. 
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Preparation of the phosphonate ester intermediates 14 in which X is sulfur and X* is a 
direct bond* 

Schemes 65 and 66 illustrate the preparation of the phosphonate esters 14 in which X is sulfur 
5 and X is a direct bond. In this procedure, the methylene lactone 56.1 is reacted, as described 
in Scheme 53, with a substituted thiophenol 62.1, to produce the thioether 65.1. The product 
is then transformed, as described in Schen^ 53, into the dianude 65.2, 

The reactions shown in Scheme 65 iSustrate the preparation of the conqx>unds 65.2 in which 
the substituent A is either the group link-P(0)(0R*)2 or a precursor such as [OH], [SH], 
10 [NH], Br. Schen^ 66 depicts the conversion of the compounds 65.2 in which A is [OH], 

[SH], [NH], Br, into the phosphonate esters 14 in which X is sulfur and X' is a direct bond. In 
this procedure, the conq>ounds 65.2 are converted, using the procedures described below. 
Schemes 133 - 197, into the compounds 14. 

IS Preparation of the phosphonate ester intermediates 15 in which X and X' are direct 
bonds. 

Schemes 67 and 68 ilhistrate the preparation of the phosphonate esters 15 in which X and X* 
are direct bonds. In this procedxure, the BOC-protected phenylalanine derivative 67.1 is 
conv^ed into the corresponding aldehyde 67*2, using the procedures described above 
20 (Scheme 49), The preparation of the phenylalanine derivatives 67.1 is described below, 
(Schemes 182 - 184 ). The aldehyde is then converted, using the procedures described in 
Scheme 49, into the lactone 67.3. The latter conq)ound is then alkylated, as described in 
Scheme 49, with the reagent R^CH2l, (67.4), to afford the alkylated product 67.5. This 
coiiq)onnd is then converted, as described in Scheme 49, into the diamide 67.6. 

25 The reactions shown in Scheme 67 illustrate the preparation of the con^unds 67.6 in which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 68 d^icts the conversion of the confounds 67.6 in which A is [OH], [SH], 
[NH], Br, into the phosphonate esters 15 in which X and X* are direct bonds. In this 
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procedure, the compounds 67.6 are converted, using the procedures described below. 
Schemes 133 - 191, into the compounds 15. 
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Scheme 60 
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Scheme 64 
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Preparation of the pho^^honate ester intermediates 15 in which X is a direct bond and 
X' is sulfur. 

Schemes 69 and 70 fflustrate the preparation of the phosphonate esters 15 in which X is a 
direct bond and X" is sulfur. In this procedure, the mesylate 51.1 is reacted, as described m 
Scheme 51, with the thiophenol derivative 69.1. The preparation of the thiophenol derivatives 
69.1 is described below. Schemes 144 - 153. The product is then converted, as described in 
Scheme 51, into the corresponding aldehyde 69.3, and the latter conopound is then 
transfonned, as described in Scheme 49, into the lactone 69.4. The lactone is then alkylated, 
as described in Scheme 49, with the reagent R^CH2l, (67.4), to afford the alkylated product 
69.5. This compound is then converted, as described in Scheme 49, into the diamide 69.6. 

The reactions shown in Scheme 69 ilhistrate the preparation of the coiqpounds 69.6 in which 
the substituent A is either the group hnk-P(0)(0R*)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 70 depicts the conversion of the conq>ounds 69.6 in which A is [OH], [SH], 
[NH], Br, into the phosphonate esters IS in which X is a direct bond and X* is sulfur. In this 
procedure, the compounds 69.6 are converted, using the procedures described below. 
Schemes 133 - 197, into the compounds 15. 

Preparation of the phosphonate ester intermediates 15 m which X and X* are sulfur. 

Schemes 71, 72 and 73 iDustrate the preparation of the phosphonate esters 15 in which X and 
X* are sulfur. As shown in Scheme 71, the aldehyde 693 is converted, as described in Scheme 
53, into the methylene lactone 71.1. The lactone is then reacted, as described in Scheme 53, 
with the thiol reagent 71.2 to yieM the thioether product 713. The product is then 
transformed, as described in Scheme 53, into the diamide 71.4. 

Scheme 72 JOustrates an alternative method for the preparation of the diamide 71.4. In this 
procedure, the lactone 69.4 is reacted, as described in Scheme 54, with formaldehyde or a 
formaldehyde equivalent, to afford the hydroxymethyl product 72.1. The product is then 
transformed, by mesylation followed by reaction of the mesylate with the thiol reagent 71.2, 
using the procedures described in Scheme 53, into the thioether 713.The Mter compound is 
then converted, as described in Scheme 53, into the diamide 71.4. 
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The reactions shown in Schemes 71 and 72 illustrate the preparation of the con^pounds 71.4 in 
which the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], 
[SH], [NH], Bn Scheme 73 depicts the conversion of the con[q>ounds 71.4 in which A is 
[OH], [SH], [NH], Br, into the phosphonate esters 15 in which X and X' are sulfur. In this 
5 p]x>cedure, the confounds 71.4 are converted, using the procedures described below. 
Schemes 133 - 197, into the coii;>ounds IS. 

Preparation of the phosphonate ester mtermediates 15 in which X is satfur and X* is a 
direct bond. 

10 Schemes 74 and 75 illustrate the preparation of the phosphonate est^s 15 in which X is sulfur 
and X is a dn-ect bond. In this procedure, the aldehyde 67.2 is convated, as described in 
Scheme 53, into the methylene lactone 74.1. The lactone is then reacted, as described in 
Scheme 53, with the thiol 71.2 to afford the thioether 74.2. This compound is then converted, 
as described in Scheme 53, into the diamide 743. 

15 The reactions shown in Schemes 74 illustrate the preparation of the compounds 74.3 in which 
the substituent A is either the group liDk-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 75 depicts the conversion of the conopounds 743 in which A is [OH], [SH], 
[NH], Br, into the phosphonate esters 15 in whichX is sulfur and X* is a direct bond. In this 
procedure, the compoimds 743 are conv^ed, using the procedures described below, 

20 Schemes 133 - 197, into the conqpounds 15. 

Preparation at the phosphonate ester intermediates 16 in which X and X* are direct 
bonds. 

Schemes 76 and 77 illustrate the preparation of the phosphonate est^s 16 in which X and X* 
25 are direct bonds. In this procedure, the lactone 49.6 is reacted, as described in Scheme 49, 
with the iodo con^K)und 67.4 to yield the alkylated lactone 76.1. The lactone is then 
converted, as described in Scheme 49, into the carboxylic add 76.2. The carboxylic acid is 
then coupled, as described in Scheme 1, with the aminoindanol derivative 1*2 to afford the 
amide 763. The latter compound is then converted, as described in Scheme 49, into the 
30 diamide 76.4. 
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The reactions shown in Scheme 76 illustrate the preparation of the conq>oiinds 76.4 in which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 77 depicts the conversion of the conq>ouxLd5 76.4 in which A is [OH], [SH], 
[NH], Br, into the phosphonate esters 16 in which X and are direct bonds. In this 
5 procedure, the compounds 76.4 are converted, using the procedures described below. 
Schemes 133 - 197, into the compounds 16. 

Preparation of the phosphonate ester intermediates 16 in which X is a direct bond and 
X'issulfiur. 

10 Schemes 78 and 79 illustrate the preparation of the phosphonate esters 16 in which X is a 
direct bond and X* is sulfur. In this procedure, the lactone 54.1 is reacted, as described in 
Scheme 49, with the iodo compound 67*4, to produce the alkylated compound 78.1. This 
material is then transformed, as described in Scheme 49, into the carboxylic acid 78.2, which is 
then transformed, as described in Schen^ 76, into the diamide 783. 

IS The reactions shown in Scheme 78 illustrate the preparation of the compounds 783 in which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SHj, 
[NH], Br. Schen^ 79 dqpicts the conversion of the conqx>unds 783 in which A is [OH], [SH], 
[NH], Br, into the phosphonate esters 16 in which X is a direct bond and X* is sulfur. In this 
procedure, the conq[)ounds 783 are converted, using the procedures described below, 

20 Schemes 133 - ISTZ, into the confounds 16. 

Preparation of the phosphonate ester intermediates 16 in which X and X* are sulfur. 

Schemes 80, 81 and 82 illustrate the preparation of the phosphonate esters 15 in which X and 
X' are sulfur. As shown ia Scheme 80, the methylene lactone 533 is reacted with the thiol 
25 71^ to produce the thioether 80»1. The con^und is then transformed, as described in 

Scheme 49, into the sityl-protected carboxylic acid 80J2. This material is then converted, as 
described in Scheme 76, into the diamide 803. 

Scheme 81 illustrates an alternative method for the preparation of the compounds 80.2. Jn this 
. .pFocedote, the mesyiatc 543 is reacted, as described in Scheme 54, with the thiol 71^, to 
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prepare the thioether 80.1. The product is then transfonned, as described in Scheme 54, into 
the diaiDide 803. 

TTie reactions shown in Schemes 80 and 81 iDustrate the preparation of the con^pounds 803 in 
which the substituent A is eith^ the group link-P(0)(0R^)2 or a precursor such as [OH], 
[SHj, [NH], Br. Scheme 82 depicts the conversion of the confounds 803 in which A is [OH], 
[SH], [NH], Br, into the phosphonate esters 16 in which X and X* are sulfur. In this 
procedure, the coiiQ>ounds 803 are converted, using the procedures described below. 
Schemes 133 - 197, into the con5)Ounds 16. 

Preparation of the phosphonate ester intermediates 16 in which X is sulfur and X' is a 
direct bond. 

Schemes 83 and 84 inustrate the preparation of the phosphonate esters 16 in which X is sulfur 
and X* is a direct bond. In this procedure, the methylene laaone 533 is reacted, as described 
in Scheme 53, with the thiol 71.2 to yield the thioether 83.1. The product is then converted, 
as described in Scheme 76, into the diamide 83.2. 

The reactions shown in Scheme 83 illustrate the preparation of the conipounds 83.2 in which 
the substituent A is either the group link-P(0)(0R')2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 84 depicts the conversion of the compounds 83.2 in which A is [OH], [SH], 
[NH], Br, into the phosphonate esters 16 in which X is sulfur and X* is a direct bond. In this 
procedure, the compounds 83JJ are converted, using the procedures desaribed below. 
Schemes 133 - 1^7, into the compounds 16. 
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Scheme 73 
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Scheme 77 
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54-3 71.2 

Scheme 82 




83.2 

Preparation of the phosphonate ester mtermediates 17 m which X and X* are direct 
bonds. 



Schemes 85 and 86 illustrate the preparation of the phosphonate esters 17 in which X and X* 
are direct bonds. In this procedure, the carboxylic add 76.2 is coupled, as described in 
Scheme 1, with the aminochroinan derivative 33.1 to afford the anride 85.1^ The product is 
then converted, as described in Scheme 49, into the diamide 85.2. 

The reactions shown in Scheme 85 iUustrate the preparation of the compounds 85.2 in which 
the substituent A is either the group link-P(0)(0R*)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 86l depicts the conversion of the con5)ounds 85,2 in which A is [OH], [SH], 
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[NH], Br, into the phosphonate esters 17 in which X and are direct bonds. In this 
procedure, the con5)Ounds 85.2 are converted, using the procedures described below. 
Schemes 133 - 197, into the conq)ounds 17. 



5 Preparation of the phosphonate ester intermediates 17 in which X is a direct bond and 
X' is suUun 

Schemes 87 and 88 illustrate the preparation of the phosphonate esters 17 in which X is a 
direct bond and X' is sulfur. In this procedure, the carboxylic add 78.2 is coupled with the 
amine 33.1 to aJSbrd the amide 87.1. The product is then converted, as described in Scheme 
10 49, into the diamide 87.2. 

The reactions shown in Scheme 87 illustrate the preparation of the conipounds 87.2 m which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 88 depicts the conversion of the conq>ounds 87.2 in which A is [OH], [SH], 
[NH], Br, into the phosphonate esters 17 in whichX is a direct bond and X' is sulfur. In this 
15 procedure, the compounds 87.2 are converted, using the procedures described below. 
Schemes 133 - 197, into the con5)ounds 17. 

Preparation of the phosphonate ester intermediates 17 in wliich X and X' are sulfur. 

Schemes 89 and 90 illustrate the preparation of the phosphonate esters 17 in which X and X 
20 are sulfur. As shown in Scheme 89, the carboxylic add 80JJ is coupled, as described in 
Scheme 1, with the chroman amine 33,1 to give the anoide 89.1. The product is then 
transformed, as described in Schenoe 49, into the diamide 89.2. 

The reactions shown in Scheme 89 illustrate the preparation of the compoimds 89.2 in which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
25 [NH], Br. Scheme 90 depicts the conversion of the compounds 89 J5 in which A is [OH], [SH], 
[NH], Br, into the phosphonate est^ 17 in which X and X are sulfur. In this procedure, the 
conjpoimds 89.2 are converted, using the procedures described below. Schemes 133 - 197, 
into the compounds 17. 
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Preparation of the phosphonate ester mtermediates 17 in which X is sulfur and X* is a 
direct bond. 

Schemes 91 and 92 illustrate the preparation of the phosphonate esters 17 in which X is sulfur 
and X' is a direct bond. In this procedure, the caiboxylic acid 91J, which is an intermediate 
compound in the conversion of the lactone 83.1 into the diamide 83.2, (Scheme 83), is 
coupled, as described in Scheme 1, with the chroman amine 33.1 to afford the amide 91.2. 
The product is then converted, as described in Schen^ 49, into the diamide 91.3. 

The reactions shown in Scheme 91 illustrate the preparation of the con^Kjmids 91.3 in which 
the substituent A is either the group link-P(0)(0R*)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 92 depicts the conversion of the compounds 913 in which A is [OH], [SHJ, 
P4H], Br, into the phosphonate esters 17 in which X is sulfur and X' is a direct bond, hi this 
procedure, the compounds 91.3 are converted, using the procedures described below. 
Schemes 133 - 197, into the con^unds 17. 

Preparation of the phosphonate ester intermediates 18 m which X and X are direct bonds. 

Schemes 93 and 94 illustrate the preparation of the phosphonate esters 18 in which X and X 
are direct bonds. In this procedure, the carboxylic acid 76.2 is coupled, as described in 
Scheme 1, with the ethanolamine derivative 29.1 to afford the amide 93.1. The product is 
then converted, as described in Scheme 49, into the diamide 93.2. 

The reactions shown in Scheme 93 illustrate the preparation of the compounds 93.2 in which 
the substituent A is either the group link-P(0)(0R*)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 94 depicts the conversion of the compounds 93.2 in which A is [OH], [SH], 
[NH], Br, into the phosphonate esters 18 in which X and X are direct bonds. In this 
procedure, the con:]pounds 93.2 are coiiverted, using the procedures described below. 
Schemes 133 - 197, into the compounds 18. 
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Preparation of the phosphonate ester intermediates 18 in which X and X' are sulfiir. 



Scheme 85 
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Sctemes 97 and 98 illustrate the preparation of the phosphonate esters 18 in which X and X* 
are sulfur. As shown in Scheme 97, the carboxylic acid 80.2 is coupled, as described in 
Scheme 1, with the ethanolamine derivative 29.1 to give the amide 97.1. The product is then 
transformed, as described in Scheme 49, into the diamide 97.2. 

5 The reactions shown in Schen^ 97 illustrate the preparation of the compounds 97.2 in which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br. Scheme 98 depicts the conversion of the compounds 97.2 in which A is [OH], [SH], 
[NH], Br, into the phosphonate esters 18 in which X and X* are sulfur, hi this procedure, the 
conopounds 97.2 are converted, using the procedures desoibed below. Schemes 133 - 197, 

10 into the compounds 18. 

Preparation of the phosphonate ester intermediates 18 in which X is sulftir and X' is a 
direct bond. 

Schemes 99 and 100 illustrate the preparation of the phosphonate esters 18 in which X is 
15 sulfur and X* is a direct bond. In this procedure, the carboxylic add 91.1 is coupled, as 

described in Schenae 1, with the ethanolanme derbative 29.1 to afford the annde 99.1. The 
product is then converted, as described in Scheme 49, into the diamide 99.2. 

The reactions shown in Scheme 99 illustrate the preparation of the compounds 99.2 in which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
20 [NH], Br. Scheme 100 depicts the conversion of the con^iounds 99.2 in which A is [OH], 
[SH], |NH], Br, into the phosphonate estCTS 18 in which X is sulfur and X is a direct bond. In 
this procedure, the con^poimds 99 J2 are converted, usmg the procedures described below. 
Schemes 133 - 197, into the compounds 18. 

25 Preparation of the phosphonate ester intermediates 19 in which X and X' are direct 
bonds. 

Schemes 101 and 102 illustrate the preparation of the phosphonate esters 19 in which X and 
X* are direct bonds. In this procedure, the carbo;qrlic add 76.2 is coupled, as described in 
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Scheme 1, with the phenylalanine derivative 37,1 to afford the amide 101.1. The product is 
then converted, as described in Scheme 49, into the diamide 101.2. 

The reactions shown in Scheme 101 ilhistrate the preparation of the compounds 101.2 in 
which the substituent A is either the group link-P(0)(OR% or a precursor such as [OH], 
[SH], [NH], Br. Scheme 102 depicts the conversion of the conopounds 101.2 in which A is 
[Om, [SH], [NHJ, Br, into the phosphonate esters 19 in which X and X* are direct bonds. In 
this procedure, the compounds 101.2 are convearted, using the procedures described below. 
Schemes 133 - 197, into the compounds 19. 

Preparation of the phosphonate ester intermediates 19 in which X is a direct bond and 
X' is sulfur. 

Sctemes 103 and 104 ilhistrate the preparation of the phosphonate esters 19 in which X is a 
direct bond and X is sulfur. In this procedure, the carboxylic acid 78.2 is coupled, as 
described in Scheme 1, with the amine 37.1 to afford the amide 103.1. The product is then 
convated, as described in Scheme 49, into the diamide 103.2. 

The reactions shown in Scheme 103 illustrate the preparation of the compounds 103.2 in 
which the substituent A is either the group link-P(0)(OR*)2 or a precursor such as [OH], 
[SH], [NH], Br. Scheme 104 depicts the conversion of the confounds 103.2 in which A is 
[OH], [SHQ, [NHJ, Br, into the phoq)honate esters 19 in which X is a direct bond and X is 
sulfiir. In this procedure, the con[q>ounds 103.2 are converted, using the procedures described 
below. Schemes 133 - 197, into the compounds 19. 

Preparation of the phosphonate ester hitermediates 19 m which X and X* are sntfnr. 

Schemes 105 and 106 illustrate the preparation of the phosphonate esters 19 in which X and 
X are sulfur. As shown in Scheme 105, the carboxylic add 80.2 is coupled, as described in 
Scheme 1, with the phenylalanine derivative 37.1 to give the amide 105.1. The product is then 
transformed, as described in Scheme 49, into the diamide 105.2. 

The reactions shown in Scheme 105 illustrate the preparation of the coii5)ounds 105.2 in 
which the substituent A is either the group liiik-P(0)(0R^)2 or a precursor such as [OH], 
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[Sm, [NH], Br. Scheme 106 depicts the conversion of the con5)oimds 105.2 in which A is 
[OH], [SH], [NH], Br, into the phosphonate esters 19 in which X and X* are sulfur. In this 
procedure, the conopounds 105.2 are converted, using the procedures described below. 
Schemes 133 - 197, into the compounds 19. 
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Preparation of the phosphonate ester intennediates 19 in which X is sulfur and X* 
direct bond. 



isa 



Schemes 107 and 108 illustrate the preparation of the phosphonate esters 19 in which X is 
suhur and X is a direct bond. In this procedure, the caiboxylic acid 91.1 is coupled, as 
described in Scheme 1, with the phaiylalanine derivative 37.1 to afford the amide 107.1. The 
product is then converted, as described m Scheme 49, into the diamide 107.2. 

The reactions shown m Scheme 107 iDustrate the preparation of the compounds 107.2 in 
which the substituent A is either the group link-P(0)(0R')2 or a precursor such as [OH], 
[SH], [NH], Br. Scheme 108 depicts the conversion of the compounds 107 in which A is 
[OH], [SH], [NH], Br. into the phosphonate esters 19 m which X is suffiar and X is a direct 
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bond- In this procedure, the compomids 107^ are converted, using the procedures described 
below. Schemes 133 - 197, into the conipounds 19. 

Preparation of the phosphonate ester intermediates 20 in which X and X' ar^ direct 
5 bonds. 

Scheires 109 and 110 illiistrate the preparation of the phosphonate esters 20 in which X and 
X' are direct bonds. In this procedure, the carboxylic acid 76.2 is coupled, as described in 
Scheme 1, with the tert. butylamine derivative 41.1 to afford the amide 109.1. The product is 
then converted, as described in Scheme 49, into the diamide 109.2. 

10 The reactions shown in Scheme 109 illustrate the preparation of the coEE5)ounds 109.2 in 
which the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], 
[SH], [NH], Br. Scheme 110 depicts the conversion of the compounds 109.2 in which A is 
[OH], [SH], CNH], Br, into the phosphonate esters 20 in which X and X are direct bonds. In 
this procedure, the compounds 109.2 are converted, using the procedures described below, 

15 Schemes 133 - 197, into the confounds 20. 

Preparation of the phosphonate ester intermediates 20 in which X is a direct bond and 
X' is sulfor. 

Schemes 111 and 112 illustrate the preparation of the phosphonate esters 20 in which X is a 
20 direct bond and X? is sulfur. In this procedure, the carboxylic acid 78.2 is coupled, as 

described in Scheme 1, with the amine 41.1 to afford the amide 111.1. The product is then 
converted, as described in Scheme 49, into the diamide 111.2. 

The reactions shown in Scheme 111 illustrate the preparation of tte compounds 111.2 in 
which the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], 
25 [SHj, [NH], Br. Scheme 112 depicts the conversion of the con^wunds 111.2 in which A is 
[OH], [SH], \NHi, Br, into the phosphonate esters 20 in which X is a direct bond and X* is 
sulfur. In this procedure, the con^>ounds 111.2 are converted, usmg the procedures described 
below. Schemes 133 - 1J>7, into the compounds 20. 
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Preparation of the phosphonate ester intermediates 20 in which X and X' are sutfiir. 

Schemes 113 and 114 illustrate the preparation of the phosphonate esters 20 in which X and 
are sulfur. As shown in Scheme 113, the carboxylic acid 80.2 is coupled, as described in 
Scheme 1, with the tert. butylamine derivative 41.1 to give the amide 113.1. The product is 
then transformed, as described in Scheme 49, into the diamide 113.2. 

The reactions shown in Scheme 113 iDustrate the preparation of the con?)ounds 113.2 in 
which the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], 
[SHJ, [NH], Br. Scheme 114 depicts the conversion of the conopounds 113.2 in which A is 
[OH], [SH], [NH], Br, into the phosphonate esters 20 in which X and X* are sulfur. In this 
procedure, the compounds 113.2 are converted, using the procedures described below. 
Schemes 133 - 197, into the coii5)oi3nds 20. 

Preparation of the phosphonate ester mtermediates 20 in which X is sulfur and X' is a 
direct bond. 

Schemes 115 and 116 fflustrate the preparation of the phosphonate esters 20 in which X is 
sulfur and X' is a direct boiid In this procedure, the carboxylic acid 91.1 is coupled, as 
described in Scheme 1, with the tert. butylamine derivative 41.1 to afford the amide 115.1. 
The product is then converted, as described in Schenos 49, into the diamide 115.2. 

The reactions shown in Scheme 115 illustrate the preparation of the compounds 115.2 in 
which the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], 
[SH], [NH], Br. Scheme 116 depicts the conversion of the conipounds 115.2 in which A is 
[OH], [SH], [NH], Br, into the phosphonate esters 20 in which X is sulfur and X* is a direct 
bond. In this procedure, the cpn5)ounds 115.2 are converted, usmg the procedures described 
below. Schemes 133 - 197, into the compounds 20. 



Preparation of the phosphonate ester intermediates 21 in which X and X* are direct 
bonds. 
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Schemes 117 and 118 illustrate the preparation of the phosphonate esters 21 in which X and 
X' are direct bonds. In this procedure, the carboxylic acid 76.2 is coupled, as described in 
Scheme 1, with the decahydroisoquinoline derivative 45.1 to afford the amide 117.1* The 
product is then converted, as described in Scheme 49, into the diamide 117.2. 

The reactions shown in Scheme 117 illustrate the preparation of the confounds 117.2 in 
which the suhstituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], 
[SH], [NH], Br. Scheme 118 depicts the conversion of the compounds 117.2 in which A is 
[OH], [SH], [NH], Br, into the phosphonate esters 21 in which X and X are direct bonds. In 
this procedure, the conapounds 117.2 are converted, usmg the procedures described below. 
Schemes 133 - 197, into the compounds 21. 

Preparation of the phosphonate ester intermediates 21 in which X is a direct bond and 
X* is sulfur. 

Schemes 119 and 120 iUustrate the preparation of the phosphonate esters 21 in which X is a 
direct bond and X' is sulfur. In this procedure, the carboxylic acid 78.2 is coupled, as 
described in Scheme 1, with the amine 45.1 to afford the amide 119.1. The product is then 
converted, as described in Scheme 49, into the diamide 119.2. 

The reactions shown in Scheme 119 illustrate the preparation of the conopounds 119.2 in 
which the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], 
[SH], [NH], Br. Scheme 120 depicts the conversion of the conq>ounds 119.2 in which A is 
[OH], [SH], [NH], Br, into the phosphonate esters 21 in which X is a direct bond and X is 
sulfur. In this procedure, the compounds 119.2 are converted, using the procedures described 
below. Schemes 133 - 197, into the compounds 21. 
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Scheme 109 
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Scheme 117 
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Preparation of the phosphonate ester intermediates 21 in which X and X* are sulfur. 



Schemes 121 and 122 illustrate the preparation of the phosphonate esters 21 in which X and 

X* are sulfur. As shown in Scheme 121, the carboxyfic acid 80.2 is coupled with the amine 
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45.1 to give the amide 121.1. 
into the diamide 121.2. 
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The product is thm tiansfonned, as described in Scheme 49, 



The reactions shown in Schen^ 121 illustrate the i>reparation of the conqKJunds 121.2 in 
which the substituent A is either the group Iink-P(0)(0R^)2 or a precursor such as [OH], 
[SH], [NH], Br. Scheme 122 depicts the conversion of the compounds 121.2 in which A is 
[OH], [SH], [NH], Br, into the phosphonate esters 21 in which X and X? are sulfiir. In this 
procedure, the coirqM>unds 121 J2 are converted, using the procedures described below. 
Schemes 133 - 197, into the conipounds 21. 

Preparation of the phosphonate ester intermediates 21 in which X is sulfur and X* is a 
direct bond. 

Schemes 123 and 124 illustrate the preparation of the phosphonate esters 21 in whdch X is 
sulfiir and X' is a direct bond. In this procedure, the carboxylic acid 91.1 is coupled, as 
described in Scheme 1, with the amine 45.1 to afford the amide 123»1. The product is then 
converted, as described in Scheme 49, into the diamide 123.2. 

The reactions shown in Schemes 123 illustrate the preparation of the compounds 123.2 in 
which the substituent A is either the group liiik-P(0)(0R^)2 or a precursor such as [OH], 
[SH], [NH], Br. Scheme 124 depicts the conversion of the compounds 123.2 in which A is 
[OH], [SH], [NH], Br, into the phosphonate esters 21 in which X is sulfur and X' is a direct 
bond. In this procedure, the compounds 123.2 are converted, using the procedures described 
below. Schemes 133 - 15>7, into the conipounds 21. 

Preparation of the phosphonate ester intermediates 22 in which X and X' are direct 
bonds. 

Schemes 125 and 126 illustrate the preparation of the pho^honate esters 22 in which X and 
X* are direct bonds. In this procedure, the carboxylic acid 76.2 is coupled, as described in 
Scheme 5 with the amine 1.6, to afford the amide 125.1. The BOG protecting group is then 
removed, as described in Scheme 49, to jdeld the amine 125.2. The latter conmound is then 
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coupled with the caiboxylic add 1253 to produce the amide 125.4. The preparation of the 
carboxyKc acid reactant 1253 is described in Scheme 191. 

The reactions shown in Scheme 125 illustrate the preparation of the conq)omids 125.4 in 
which the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], 
5 [SH], [MH], Br. Scheme 126 depicts the conversion of the conQ)ounds 125.4 isx which A is 
[OH], [SH], [NH], Br, into the phosphonate esters 22 in which X and X* are direct bonds. In 
this procedure, the compounds 125.4 are converted, using the procedures described below, 
Schemes 133 - 197, into the compounds 22 

10 Preparation of the phosphonate ester intermediates 22 in which X is a diurect bond and 
X* is sulfur. 

Schemes 127 and 128 illustrate the preparation of the phosphonate esters 22 in which X is a 
direct bond and X is sulfur. In this procedure, the carboxylic acid 78.2 is coupled, as 
described in Scheme 5 with the amme 1.6, to afford the amide 127.1. The BOC protecting 
15 group is then removed, as described in Scheme 49, to yield the amine 127.2. The latter 
compound is then coupled, as described in Scheme 1, with the carboxylic acid 1253 to 
produce the amide 1273. 

The reactions shown in Scheme 127 illustrate the preparation of the con^oimds 1273 in 
which the substituent A is either the groiq> link-P(0)(0R*)2 or a precursor such as [OH], 
20 [SH], [NH], Br. Scheme 128 depicts the conv^ion of the conqiounds 1273 m which A is 
[OH], [SH], [NHJ, Br, mto the phosphonate esters 22, in which X is a direct bond and X* is 
sulfur. In this procedure, the CQnq>ounds 1273 are converted, using the procedures described 
below. Schemes 133 - 197, into the compounds 22. 

25 Preparation of the phosphonate ester intermediates 22 in which X and X* are sulfur. 

Schencies 129 and 130 iHustrate the preparation of the phosphonate esters 22 in which X and 
X' are sulfiir. As shown in Scheme 129, the caibo^lic acid 80.2 is coupled, as described in 
Scbenie 5, with the amine 1.6, to afford the amide 129.1. The BOC protecting group is then . 
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removed, as described in Scheme 49, to yield the amme 129*2. The latter con?)ound is then 
coupled, as described in Scheme 1, with the carboxylic acid 125.3 to produce the amide 129 J. 

The reactions shown in Scheme 129 illustrate the preparation of the conq)Ounds 129 J in 
which the substituent A is either the group link-P(0)(OR% or a precursor such as [OH], 
[SH], [NH], Br. Scheme 130 depicts the conversion of the conqwunds 1293 in which A is 
[OH], [SH], [NH], Br, into the phospbonate esters 22, in which X and are sulfur. In this 
procedure, the compounds 1293 are converted, using the procedures described below. 
Schemes 133 - 197, ioto the compounds 22. 

Preparation of the phosphonate ester intermediates 22 in which X is sulfur and X' is a 
direct bond* 

Schemes 131 and 132 illustrate the preparation of the phosphonate esters 22 in which X is 
sulfur and X is a direct bond. In this procedure, the carboxylic acid 91.1 is coupled, as 
described in Scheme 5, with the amine 1.6, to afford the amide 131.1. The BOC protecting 
group is then removed, as described in Scheme 49, to yield the amme 131.2. Tb& latter 
con5)ound is then coupled, as described in Scheme 1, with the carbo^sylic acid 1253 to 
produce the amide 1313. 

The reactions shown in Scheme 131 illustrate the preparation of the coii5)ounds 131.3 in 
which the substituent A is either the groiq) link-P(0)(0R^)2 or a precursor such as [OHj, 
[SH], [NH], Br. Scheme 132 depicts the conversion of the conq>ounds 1313 in which A is 
[OH], [SH], [NH], Br, into the phosphonate esters 22 in which X is sulfur and X is a dkect 
bond. In this procedure, the compounds 131.3 are converted, usmg the procedures described 
below. Schemes 133 - 197, into the conroounds 22. . 
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Preparation of aminoindanol derivatives 1.2 incorporating phosphonate moieties* 

Scheme 133 iDustrates the preparation of variously substituted derivatives of 3-ammo-indan- 
1,2-diol, the preparation of wtdch is described in J. Med. Chem., 1991, 34, 1228. The 
5 alcohols, tliiols, amines and bromo conqK>unds shown in Scheme 133 can then be transformed 
into phosphonate-containing reactants 1^2, as described below, (Schemes 134 - 137). The 
reactants 1»2 are employed in the preparation of the phosphonate esters 1 and 16. 
In order to effect changes to the 1-substituent, the starting material 133.1 is transformed into 
the protected compound 133.2. For exanq>le, the aminoalcohol 133.1 is treated with 2- 
10 methoxypropene in the presence of an acid catalyst, such as p-toluenesulfonic acid, in a 
solvent such as tetrahydrofiiran, as described in W09628439, to afford the acetonide- 
protected product 133J2. 

The amino group present in 133.2 is protected to afford the intermediate 133.3, in which R is 
a protecting group, stable to the subsequent reactions. For exanq>le, R^^ can be 
15 carbobenzyloxy (cbz), tert-butoxycarbonyl (BOC) and the like, as described in Protective 

Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, 
p. 309. 

The free hydroxyl group present in the N-protected acetonide 1333 is then converted into a 
suitable leaving group, such as, for exanq>le, trifluoromethykulfonyloxy, p-toluenesulfonyloxy 
20 or, preferably, methanesulfonyloxy. This transformation is effected by treatment of 1333 with 
a slight molar excess of the corresponding acid chloride or anhydride, in the presence of an 
organic base. 

For exan^le, treatment of 133.3 with methanesulfonyl chloride and pyridine in 
dicliloromethane at anibient teniperature affords the mesylate 133.4. 
25 The a-mesylate group in the product 133.4 is then subjected to displacement reactions with 
nitrogen, sulfur or oxygen nucleophiles, to effect introduction of the various heteroatoms with 
inversion of stereochemistry. 

For exan:5)le, the mesylate 133.4 is reacted with a nitrogen nucleophile such as potassium 
phthalimide or sodium bis(trimethylsi]yl)amide, as described in Con5)rehensive Organic 
30 Transformations, by R. C. Larock, VCH, p. 399, to afford the amine 133.9. 

Preferably, the mesylate 133.4 is reacted, as described in Angew. Chem. Int. Ed., 7, 919, - 
1968, with one molar equivalent of potassium phthalimide, in a dipolar aprotic solvent, such 
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as, for example, dimethylformamide, at ambient teiiq>erature, to ajSbrd the displacement 
product 133^, in which NRTl*^ is phthalimido. Removal of the phthalimido group, for 
example by treatment with an alcoholic solution of hydrazine at ambient temperature, as 
described in J. Org. Chem., 38, 3034, 1973, then yields the p-amine 133.9. 
5 The mesylate 133 A is treated with a sulfiir nucleophOe, for exan^le potassium thioacetate, as 
described in Tet. Lett, 1992, 4099, or sodium thiophosphate, as described io Acta Chem. 
Scand., 1960, 1980, to effect displacement of the mesylate group, followed by mild basic 
hydrolysis, for exan^le by treatment with aiqueous sodium bicarbonate or aqueous ammonia, 
to afford the P-thiol 133.12. 

10 PrefCTably, the mesylate 133.4 is reacted with one molar equivalent of potassium thioacetate in 
a polar aprotic solvent such as, for example, dimethylfonnamide, at ambient tenq)erature, to 
afford the thioacetate 133.8. The product then treated with a mild base such as, for exan5)Ie, 
aqueous ammonia, in the presrace of an organic co-solvent such as ethanol, at ambient 
ten^rature, to afford the ^-thiol 133.12. 

15 The mesylate 133.4 is transformed into the p-carbinol 133.7, by treatment with an oxygen 
nucleophile. Conversion of sulfonate esters and related conqpounds to the corresponding 
carbinols is described, for example, in Conq»:ehensive Organic Transformations, by R. C. 
Larock, VCH, p. 481. For exainple, the mesylate can be reacted with potassium superoxide, 
in the presence of a crown ether such as 18-crown-6, as described in Tet. Lett., 3183, 1975, to 

20 afford the P-carbinol 133.7. 

The carbinol 1333 is also transformed into the P-bromo conq)Ound 133.6. Methods for the 
conversion of carbinols to hromo compounds are described, for exanople, in Comprehensive 
Organic Transformations, by R. C. Larock, VCH, p. 356. 

For exanq)le, the a-carbinol 133.3 is reacted with hexabromoethane and triphenylphosphine, in 
25 an aprotic solvent such as ethyl acetate, as described in Syn., 139, 1983, to afford the p-bromo 
conopound 133.6. 

Using the above described procedures for the conversion of the a-carbinol 1333 into the 
oriented amine 133.9, thiol 133.12 and hromo compound 133.6, the p-carbinol 133.7 is 
transformed into the a-oriented amine or thiol 133.11 or the hromo compound 133.10. 

30 
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Schemes 134 - 137 illustrate the preparation of aminoindanol derivatives incorporating the 
group link-P(0)(OR')2, derived from the intermediates whose syntheses are desaibed above 
(Scheme 133). 

5 Scheme 134 depicts the preparation of phosphonate esters linked to the aminoindanol nucleus 
by means of a carbon chain and a heteroatom O, S or N. In this procedure, the hetero- 
substituted indanol 134 J is reacted with a bronsoalkylphosphonate 134*2, in the presence of a 
suitable base. The base required for this transformation depends on the nature of the 
heteroatom X. For example, if X is N or S, an excess of an inorganic base such as, for 

10 example, potassium carbonate, in the presence of an organic solvent such as 

dimethylfonnamide, is suitable. The reaction proceeds at from ambient temperature to about 
80*C to afford the displacement products 1343. If X is O, an eqmmolar amount of a strong 
base, such as, for example, lithium hexan^thyldisilylazide and the like, is en^loyed, in the 
presence of a solvent such as tetrahydrofuran. Deprotection, by removal of the group 

15 then affords the amme 134.4. 

For example, the p-thiol 133.12 is reacted with an equimolar amount of dialkyl 4-broniobutyl 
phosphonate 134.5, the preparation of which is described in Synthesis, 1999, 9, 909, in 
dimethylformamide containing excess potassium carbonate, at ca 60°C to afford the thioether 
phosphonate product 134.6. Deprotection then affords the amine 134.7. 

20 Using the above procedures, but employing, in place of the thiol 133.12, different carbinols, 
thiols or amines 134.1, and/or different bromoaBcylphosphonates 134.2, the corresponding 
products 134.4 are obtained. 

Scheme 135 illustrates the preparation of aminoindanol derivatives in which the phosphonate 
25 ester group is attached by means of a nitrogen atom and a caibon chain. In this method, the 
aminoindanol 135.1 is reacted with a foimyl-substituted phosphonate ester, utilizing a 
reductive amination procedure. Hie preparation of amines by means of reductive amdnation 
procedures is described, for example, in Con5)rehensive Organic Transformations, by R. C. 
Larock, VCH, p. 421. In this procediue, the amine con5)onent 135.1 and the aldehyde 
30 component 135.2 are reacted together in the presence of a reducing agent such as, for 

example, borane, sodium cyanoborohydride or diisobutylaluminum hydride, to yield the amine 
product 135.3. Deprotection, by removal of the R^^ group, then affords the amine 135.4. 
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For exaii5)le, equimolar amounts of the amine 133.11 and a dialkylformylphosphonate 135^, 
prepared as described in US 3784590, are reacted together in the presence of sodium 
cyanoborohydride and acetic acid, as described, for example, in J. Am. Chem. Soc., 91, 3996, 
1969, to afford the product 135.6 which is then deprotected to produce the amine 135.7. 
5 Using the above procedures, but employing, in place of the a-amine 133.11, the P-amine 
133.9, and/or different formyl-substituted phosphonates 135<^, the corresponding products 
135.4 are obtained. 

Scheme 136 depicts the preparation of aminoindanol phosphonates in which the phosphonate 

10 moiety is attached to the nucleus by means of a heteroatom and one carbon. In this procedure, 
a carbinol, thiol or amine 136.1 is reacted with a dialkyl triQuoromethylsulfonyloxy 
phosphonate 136.2, in the presence of a suitable base, to afford the alkylation product 1363. 
Deprotection of the product 1363 then yields the amine 136.4. The base required for this 
reaction between 136.1 and 136.2 depends on the nature of the heteroatom X. For example, if 

IS X is N or S, an excess of inorganic base such as, for example, potassium carbonate, cesium 
carbonate or the like, in the presence of an organic solvent such as dimethylformamide, is 
suitable. The reaction proceeds at from ambient temperature to about 80** to afford the 
displacement products 136.3. If X is O, an equimolar amount of a strong base, such as, for 
exan^le, lithium hexamethyldisilylazide, sodium hydride or the like, is employed, in the 

20 presence of a solvent such as tetrahydrofuran. 

For example, the a-carbinol 1333 is reacted with one equivalent of lithium hexamethyl 
disifylazide in tetrahydrofuran, followed by addition of an equimolar amount of a dialkyl 
triOuoromethylsulfonyloxymethyl phosphonate 136.5, the preparation of which is described in 
Tet. Lett., 1986, 27, 1497, to aJfford the ether product 136.6. Deprotection, by removal of the 

25 R group, then affords the amine 136.7. 

Usiug the above procedures, but employing, in place of the a-carbinol 1333, different 
carbinols, thiols or amines 136.1, and /or different dialkyl trifluoromethylsulfonyloxymethyl 
phosphonates 136.2, the corresponding products 136.4 are obtained. 

30 Scheme 137 illustrates the preparation of amiuoindanol phosphonate esters in which the 
phosphonate group is attached directly to the aminoindanol nucleus. 
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In this procedure, the bromoindanol derivative 137,1 is reacted with a sodium dialkyl 
phosphite, in a suitable aprotic polar solvent such as diuiethyl formaimde or N- 
methylpyrrolidinone. Displacement of the hromo substituent occurs to yield the phosphonate 
137 J. Deprotection, by removal of the R^^ group, then affords the amine 137.4. 
5 For exanq>le, equimolar amounts of the a-bromo compound 133.10 and the dialkyl sodium 
phosphite 137.2, are dissolved in dimethylformamide and the mixture is heated at ca. 60''C, as 
described in J. Med. Chem., 35, 1371, 1992, to afford the p-phosphonate 137.5. 
Alternatively, the phosphonate compound 137.5 is obtained by means of an Arbuzov reaction 
between the bromo compound 133.10 and a trialkyl phosphite P(OR^)3. In this procedure, as 
10 described in Handb. Organophoq)honis Chem., 1992, 1 15, the reactants are heated togeth^* at 
ca. lOO'C to afford the product 137.5. Deprotection of the latter compound affords the amine 
137.6. 

Using the above procedures, but erq)loying, in place of the a-bromo compound 133.10, the P- 
bromo compound 133.6, and/or different phosphites 137.2, the corresponding phosphonates 
15 137.4 are obtained. 



Preparation of phenylpropionic acid intermediates 5.1 incorporating phosphonate 
moieties. 

20 Pheny^)ropiomc acid derivatives incorporating the substituent Iink-P(0)(0R^)2 are prepared 
by the reactions illustrated in Schemes 139-143, using as starting materials variously 
substituted pheny^ropionic acids. The phenylpropionic acid derivatives 5.1 are en^loyed in 
the preparation of the phosphonate esters 2 in which X is a direct bond. 
A number of the substituted phenylpropionic acids required for the reactions shown in 

25 Schemes 139-143 are commercial^ available; in addition, the syntheses of variously 

substituted phenylpropionic acids have been rq)orted. For those substituted phenylpropionic 
acids which are not commercially available, and whose syntheses have not been reported, a 
number of well-established synthetic routes are available. Representative methods for the 
synthesis of substituted phenylpropionic acids from commercially available starting materials 

30 are shown in Scheme 138. 

For exanq)le, variously substituted benzaldehydes 138.1 are subjected to a Wittig reaction with 
carboethoxymethylenetripheny^)hosphorane 138.2, as described in Ylid Chemistry, by A. W. 
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Johnson, Academic Press, 1966, p. 132, to afford the corresponding cinnamate esters 1383. 
Equimolar amounts of the reactants 138.1 and 138.2 are heated in an in^ solvent such as 
dioxan or dimethylforznamide, at ca SC'C, to afford the product 1383. Reduction of the 
double bond in the product 1383 then afford the saturated ester 138.6, (X =H) wbkh upon 
5 faydrol^is yields the phenylpropionic acid intermediate 138*10. 

Methods for the reduction of carbon-carbon double bonds are described, for example, in 
Comprehensive Organic Transformations, by R. C. Larock, VCH, p. 6. Typical of the 
available reduction methods are catalytic hydrogenation, for example using palladium 
catalysts, as described in Hydrogenation Methods, by P. N. Rylander, Academic Press, New 
10 York, 1985, hydroboration-protonolysis, as described in J. Am. Chem. Soc., 81, 4108, 1959, 
or diimide reduction, as described in J. Org. Chem., 52, 4665, 1987. The choice of a 
partkular reduction method is made by one skilled in the art, depending on the nature of the 
substituent groups attached to the cinnamic acid ester 1383. 

Alternatively, the cinnamic esters 1383 are obtained by means of a palladium-catalyzed Heck 
15 reaction between an appropriately substituted bromob^izene 138.5 and ethyl acrylate 138.4. 
In this procedure, a substituted hromobenzene 138.5 is reacted with ethyl acrylate in the 
presence of a palladium (II) catalyst, as described in J. Med. Chem., 35, 1371, 1992, to afford 
the cinnamate ester 1383. Equimolar amotmts of the reactants 138.4 and 138.5 are dissolved 
in a polar aprotic solvent such as dimethylformamide or tetrahydrofuran, at a ten^erature of 
20 about 60*C, in the presence or ca. 3 mol % ot for example, bis(triphenylphosphine)pa]ladium 
CO) chloride and triethylamine, to afford the product 1383. 

Altematively, the substituted phenylpropionic acid intermediates are obtained from the 
correspondingly substituted n^thylbenzenes 138.7.. In this procedure, the methylbenzene 
138.7 is subjected to free-radical bromination, for example by reaction with an equimolar 

25 amount of N-broinosuccinimide, as described in Chem. Rev., 63, 21, 1963, to afford the 

bromomethyl derivative 138.8. The latter compound is then reacted with a salt of an ester of 
malonic acid, for exainple the sodium salt of diethyl malonate 138.9, as described in Synthetic 
Organic Chemistry, R. B. Wagner, H. D. Zook, Wiley, 1953, p. 489, to afford the 
displacenoent product 138.6, (X = COOEt). The latter conopoimd is subjected to hydrolysis 

30 and decarboxylation, for exaii5)le by treatment witii aqueous alkali or dilute aqueous acid, to 
afford the phenylpropionic add 138.10. 
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Scheme 139 ilhistrates the preparation of phosphonate-containing phenylpropionic adds in 
which tte phosphonate moiety is attached to the phenyl ring by means of an aromatic group. 
In this procedure, the carboxyl group of a tepmo-substituted pheny^ropionic acid 139.1 is 
protected. Methods for the protection of carboxyhc adds are described, for exanople, in 

5 Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second 
Edition 1990, p. 224. The product 139^ is then subjected to halogen-methyl exchange, for 
example by reaction with an alkyllithium, to afford the product 1393 in which M is LL The 
latter coni^und is subjected to palladium (11) or palladium (0) catalyzed coupling, as 
described in Con5)rehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 57. 

10 CoBcqpound 1393 is first converted into the boronic acid 139.4, by reaction with a trialkyl 

borate, and the boronic acid product is coupled with a dialkyl bromophenylphosphonate 139.5 
to yield the product 139.6. Deprotection then affords the intermediate phosphonate- 
substituted phenylpropionic acid 139.7. 

For example, 4-hromophenylpropionic acid 139.8, prepared as described in U.S. 4,032,533, is 
15 converted into the add chloride, by treatment with thionyl chloride, oxalyl chloride and the 
like. The add chloride is then reacted with 3-methyl-3-oxetanemethanol 139.9 (Aldrich), in 
the presence of a tertiary organic base such as pyridine, in a solvent such as dichloromethane, 
to afford the ester 139.10. This product is then rearranged by treatment with boron trifhioride 
etherate in dichloromethane. at about -15"C as described in Protective Groups in Organic 
20 Synthesis, by T.\y. Greene and P.GM Wuts, Wiley, Second Edition 1990, p. 268, to yield the 
orthoester 139.11, known as an OBO ester. The latter product is then reacted with one iiK>lar 

« 

equivalent of n-butyDithium, in a solvent such as ether, at about -80"C, to afford the Hthio 
derivative, which is reacted with a trialkyl borate, as described in J. Organomet. Chem., 1999, 
581, 82, to yield the bbronate 139.12. This material is coupled, in the presence of a catalytic 

25 amount of tetrakis(tripheny^hosphine)palladium(0), and an inorganic base such as sodium 
carbonate, with a dialkyl 4-bromophenylphosphonate 139.13, prepared as described in J. 
Chem. Soc., Perkin Trans., 1977, 2, 789, to give the coupled product 139.14. Deprotection, 
for example by treatment with aqueous pyridine p-tohienesuMonate, as described in Can. J. 
Chem., 61, 712, 1983, then affords the carboxyhc add 139.15. 

30 Using the above procedures, but cai?)loying, in place of the 4-bromopheny:^ropionic add 
139.8, different hromopheny^propionic adds 139.1, and/or different dialkyl bromophenyl 
phosphonates 139^, the coiresponding products 139.7 are obtained. 
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Scheme 140 depicts the preparation of phenylpropionic acids in which a phosphonate ester is 
attached to the phenyl ring by means of a heteroatonct In this procedure, a suitably protected 
hydroxy, thio or anxmo>substituted phenyl propionic acid 140*1 is reacted with a derivative of 
5 a hydroxymethyl dialkylphosphonate 140.2, in which Lv is a leaving group such as 

methanesulfonyloxy and the like. The reaction is conducted in a polar aprotic solvent, in the 
presence of an organic or inorganic base, to afford the displacement product 1403. 
Deprotection then affords the carboxyhc add 140*4. 

For example, trichloroethyl 3-hydroxyphenylpropionic acid 140.5» prepared by reaction of 3- 
10 hydroxypheny^ropioinc acid (Ftaka) with tricUoroethanol and dicyclohe^Icarbodiimide, as 
described in J. Am. ChenL Soc, 88, 852, 1966, is reacted with a dialkyl 
trifluoromethanesulfonyloxymcthyl phosphonate 140.6, prepared as described in Tet. Lett., 
1986, 27, 1477, to afford the ether product 140.7. Equimolar amoimts of the reactants are 
combined in a polar solvent such as dimethylformamide, in the presence of a base such as 
IS potassium carbonate, at about SCC, to afford the product 140.7. Removal of the 

trichloroethyl est^ group, for example by treatment with zinc in acetic acid at C^C, as 
described in J. Am. Chem. Soc, 88, 852, 1966, then yields the carboxylic acid 140.8. 
Using the above procedures, but enq>loyiDg, in place of the phenol 140.5, different phenols, 
thiols or amines 140.1, and/or different phosphonates 140.2, the corresponding products 140.4 
20 are obtained. 

Scheme 141 illustrates the preparation of phenylpropionic acids in which a phosphonate 
moiety is attached by means of a chain incorporating a heteroatom. In this procedure, a 
carboxyl protected halomethyl substituted phenylpropionic add 141.1 is reacted with a dialkyl 

25 hydroxy, thio or amino-substituted alkylphosphonate 141.2. The reaction is performed in the 
presence of a base, in a polar aprotic solvent such as dioxan or N-methylpyrrolidinone. The 
base eirployed in the reaction depends on the nature of the reactant 141 Jt. For exanq>le, if X 
is O, a strong base such as, for example, lithium hexamethyldisilylazide or potassium tert 
butoxide is enq)loyed. If X is S, NH or N-alkyl, an inorganic base such as cesium carbonate 

30 and the like is employed. 

For exanq>le, 4-bronK)methyl phenylpropionic acid, prepared as described in U.S. 4,032,533, 
is converted into the methoxymethyl ester 141.5, by reaction with methoxymethyl chloride and 
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triethylamine in dimethylfonnamide, as described in J. Chem. Soc, 2127, 1965. Equimolar 
amounts of the ester 141^ and a dialkyl 2-aminoethyl phoq>honate 141.6, prepared as 
described in J. Org. Chem., 2000, 65, 676, are reacted in dimethyjformamide at ca SO^C, in the 
presence of potassium carbonate, to afford the displacement product 141.7. Deprotection, for 
5 exan5)le by treatment with trimethylsilyl bromide and a trace of methanol, as described in 
Aldrichimica Acta, 11, 23, 1978, then yields the carbojgrHc add 141.8. 
Using the above procedures, but employing, in place of the amine 141.6, different amines, 
alcohols or thiols 141.2 and/or different halomethyl-substituted phenylpropionic acids 141.1, 
the corresponding products 141.4 are obtained. 

Scheme 142 ilhistrates the preparation of phosphonate esters attached to the phenyl ring by 
means of an oxygen or sulfur link, by means of a Mitsonobu reaction. In this procedure, a 
protected hydroxy- or thio-substituted phenylpropionic acid 142.1 is reacted with a dialkyl 
hydroxyalkyl phosphonate 142.2. The condensation reaction between 142.1 and 142.2 is 
effected in the presence of a triaryl phosphine and diethyl azodicarboxylate, as described in 
Org. React., 1992, 42, 335. The product 142.3 is then deprotected to afford the carbo^sylic 
acid 142.4. 

For example, 3-mercaptopheny]^ropiomc acid (Apin Chemicals) is converted into the tert. 
butyl ester 142.5, by treatment with carbonyl diimidazole, tert. butanol and 
diazabicycloundecene, as described in Synthesis, 833, 1982. The ester is reacted with a dialkyl 
hydroxymethylphosphonate 142.6, prepared as described in Synthesis, 4, 327, 1998, in the 
presence of tr5)henyl phosphine, triethylamine and diethyl azodicarbo^late, to afford the 
thioether 142.7. The tert. butyl group is removed by treatment with formic acid at ambient 
tenperature, as described in J. Org. Chem., 42, 3972, 1977, to yield the carboxylic acid 142.8. 
Using the above procedures, but raploying, in place of the thiol 142.5, different phenols or 
thiols 142.1 and/or different hydrojg^alkyl phosphonates 142.2, the corresponding products 
142.4 are obtained. 

Scheme 143 depicts the preparation of phenylpropionic acids Imked to a phosphonate ester by 
means of an aromatic or heteroaromatic ring. The products 143.3 are obtained by means of an 
alkylation reaction in which a bromomethyl ar>d or heteroaryl phosphonate 143.1 is reacted 
with a carboxyl-protected hydroxy, thio or amino-substituted phenylpropionic add 140.1. The 
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reaction is conducted in the presence of a base, the nature of which is determined by the 
substituent X in the reactant 140.1. For example, if X is O, a strong base such as lithium 
hexamethyldisilyla2dde or sodium hydride is employed. If X is S or N, an organic or inorganic 
base, such as diisopropylethylamine or cesium carbonate is enqiloyed. The alkylated product 
143*2 is then deprotected to afford the carboxylic acid 1433. 
For exanople, 3-(4-aminophenyl)propionic acid (Aldrich) is reacted with tert. butyl 
chlorodimethylsilane and imidazole in dimethylformamide, as described in Protective Groups 
in Organic Synthesis, by T.W. Greene and P.GM Wuts, Wiley, Second Edition 1990, p. 262, 
to afford the silyl ester 143*4. This conqK>und is reacted with a an equimolar amount of a 
diaBcyl 4-bronK)methyIbenzylphosphonate 143^, prepared as described in Tet Lett, 1998, 54, 
9341, in the presence of cesium carbonate in dimethylformamide at ambient tenq>erature, to 
afford the product 143.6. The silyl ester is removed by treatment with tetrabutylammonium 
fluoride in tetrahydrofuran at ambient temperature, as described in J. Am. Chem. Soc, 94, 
6190, 1972, to give the carboxylic acid 143.7. 

Using the above procedures, but employing, in place of the amino compound 143.4, different 
phenols, mercaptans or amines 140.1, and/or different balomethyl phosphonates 143.1, the 
correspondiag products 143.3 are obtained. 
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Scheme 133 
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Scheme 136 
Method 
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Scheme 138 
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Scheme 142 
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Preparation of the phosphcmate-contaming thiophenol deriyatives 7.1. 

Schemes 144 - 153 describe the preparation of pho^honate-containing thiophenol derivatives 
5 7*1 which are enq>loyed in the preparation of the phosphonate est^ intermediates 2, 14 and 19 
in which X is sulfixr, and of the intennediate 15 in which is sulfur. 

Scheme 144 depicts the preparation of thiophenol derivatives in which the phosphonate moiety 
is attached directly to the phenyl ring. In this procedure, a halo-substituted thiophenol 144*1 

10 is protected to afford the product 144.2. The protection and deprotection of thiophenols is 
described in Protective Groups in Organic Synthesis, by T.W. Greene and P.GM Wuts, WBey, 
Second Edition 1990, p. 277. For exanq>Ie, thiol substituents are protected as trialkylsilyloxy 
groups. Trialkylsilyl groups are introduced by the reaction of the thiophenol with a 
chlorotrialkylsilane and a base such as inudazole. Alternatively, thiol substituents are 

15 protected by conversion to tert-butyl or adamiantyl thioethers, or 4-methoxybenzyl thioethers» 
prepared by the reaction betwera the thiol and 4-methoxybenzyl chloride in the presence of 
ammonium hydroxide, as described in Bull. Chem. Soc. Jpn., 37, 433, 1974. The product is 
then coupled, in the presence of a palladium catalyst, with a dialkyl phosphite 1443, to afford 
the phosphonate esta: 144.4. The preparation of ary^>hosphonates by the coupling of aryl 

20 halides with dialkyl phosphites is described in J. Med. Chem., 35, 1371, 1992. The thiol 
protecting group is then removed, as described above, to afford the thiol 144.5. 
For exan^le, 3-bromothiophenol 144.6 is converted into the 9-fluorenylmethyl ^*m) 
derivative 144.7 by reaction with 9-fluorenylmethyl chloride and diisopropyletbylamine in 
dimethylformamide, as described in Int. J. Pept. Protein Res., 20, 434, 1982. The product is 

25 then reacted with a diallsyl phosphite 1443 to afford the phosphonate ester 144.8^ The 

preparation of arylphosphonates by means of a coupling reaction between aryl bromides and 
dialkyl phosphites is described in J. Med. Chem., 35, 1371, 1992. The conopound 144.7 is 
reacted, in toluene solution at refhix, with a dialkyl phosphite 144.3, triethylamine and 
tetrakis(tripheny]^hosphine)palladium(0), as described in J. Med. Chena., 35, 1371, 1992, to 

30 afford the phosphonate product 144.8. The Fm protecting group is then renK>ved by 

treatment of the product with piperidine in dimethylfonnamide at ambient temperature, as 
described in J. Chem. Soc, Chem. ComnL, 1501, 1986, to give the thiol 144.9. 
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Using the above procedures, but en5)loying, in place of S-bronaothiophenol 144.6, different 
thiophenols 144.1, and/or different dialkyl phosphites 1443, the corresponding products 1443 
are obtained. 

5 Scheme 145 Qhistrates an ahematjye niethod for obtaining thiophenols with a directfy attached 
phosphonate group, hi this procedure, a suitably protected halo-substituted thiophenol 145*2 
is metallated, for exan^>le by reaction with magnesium or by transmetallation with an 
alkylHthium reagent, to afford the metallated derivative 1453. The lattCT compound is reacted 
with a halodialkyl phosphite 145.4 to afford the product 1453; deprotection then affords the 

10 thiophenol 145.6 

For exan5)le, 4-bromothiophenol 145.7 is converted into the S-tr^henyhnethyl (trityl) 
derivative 145.8, as described in Protective Groups in Organic Synthesis, by T. W. Greene and 
P.G.M. Wuts, Wiley, 1991, p. 287. The product is converted into the hthium derivative 145.9 
by reaction vtdth butyMthium in an ethereal solvent at low temperature, and the resulting hthio 

15 compound is reacted with a dialkyl cUorophosphite 145.10 to afford the phosphonate 145.11. 
Removal of the trityl group, for example 1^ treatment with dilute hydrochloric acid in acetic 
acid, as described m J. Org. ChenL, 31, 1118, 1966, then affords tiie thiol 145.12. 
Using the above procedures, but employing, in place of the bromo compound 145.7, different 
halo compounds 145.1, and/or different halo dialkyl phosphites 145.4, there are obtained the 

20 corresponding thiols 145.6. 

Scheme 146 illustrates the preparation of phosphonate-substituted thiophenols in which the 
phosphonate group is attached by means of a one-carbon link. In this procedure, a suitably 
protected methylrsubstituted thiophenol 146.1 is subjected to free-radical bromination to 
25 afford a bromomethyl product 146.2. This compound is reacted with a sodium dialkyl 

phosphite 146.3 or a trialkyl phosphite, to give the displacenoent or rearrangement product 
146.4, which upon deprotection affords the thiophenol 146.5. 

For exan5)le, 2-methylthiophenol 1463 is protected by conversion to the benzoyl derivative 
146.7, as described in Protective Groups in Organic Synthesis, by T. W. Greene and P.G.M. 
30 Wuts, Wiley, 1991, p. 298. The product is reacted with N-hromosuccinhnide in ethyl acetate 
to yield the bromomethyl product 146.8. This material is reacted with a sodium dialkyl 
phosphite 1463, as described in J. Med. Chem., 35, 1371, 1992, to afford tiie product 146.9. 
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Alternatively, the bromomethyl compound 146.8 is converted into the phosphonate 146.9 by 
means of the Aibuzov reaction, for exanaple as described in Handb. Qrganophosphorus ChenL, 
1992, 115. In this procedure, the bromomethyl compound 146.8 is heated v/iih a trialkyl 
phosphate P(OR^)3 at ca. lOO^C to produce the phosphonate 146.9. Dq)rotection of the 
phosphonate 146.9, for exanople by treatment with aqueous ammonia, as described in J. Am. 
Chem. Soc, 85, 1337, 1963, then affords the thiol 146.10. 

Using the above procedures, but en5)loying, ia place of the bromonoethyl conq)ound 146.8, 
different bromomethyl conq>ounds 146.2, there are obtained the corresponding thiols 146.5. 

Scheme 147 illustrates the preparation of ttuophenols bearing a phosphonate group linked to 
the phenyl nucleus by ojqrgen or su]fur. In this procedure, a suitably protected hydroxy or 
thio-substituted thiophenol 147.1 is reacted with a dialkyl hydroxyalkylphosphonate 147.2 
under the conditions of the Mitsonobu reaction, for example as described in Org. React., 
1992, 42, 335, to afford the coupled product 1473. , Deprotection then yields the O- or S- - - 
linked products 147.4. 

For example, 3-hydroxythiophenol, 147.5, is converted into the monotrityl ether 147.6, by 
reaction with one equivalent of trityl chloride, as described above. This confound is reacted 
with diethyl azodk^boxylate, triphenyl phosphine and a dialkyl 1-hydroxymethyl phosphonate 
147.7 in benzene, as described in Synthesis, 4, 327, 1998, to afford the ether compound 147.8. 
Removal of the trityl protecting group, as described above, then affords the thiophenol 147.9. 
Using the above procedures, but employing, in place of the phenol 147.5, different phenols or 
thiophenols 147.1, there are obtained the corresponding thiols 147.4. 

Scheme 148 illustrates the preparation of thiophenols 148.4 bearing a phosphonate group 
lioked to the phenyl nucleus by oxygen, sulfur or nitrogen. In this procedure, a suitably 
protected O, S or N-substituted thiophenol 148.1 is reacted with an activated ester, for 
example the trifluoromethanesulfonate 148.2, of a dialkyl hydroxyalkyl phosphonate, to afford 
the coupled product 1483. Deprotection then affords the thiol 148.4. 

For example, 4-methylaminothiophenol 148.5 is reacted in dicUoromethane solution with one 
equivalent of acetyl chloride and a base such as pyridine, as described in Protective Groups in 
Organic Synthesis, by T. W. Greene and P.GJM. Wuts, Wiley, 1991, p. 298, to afford the S- 
acetyl product 148.6. This material is then reacted with a dialkyl 

* 
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Ixifhioroiciethaiiesulfonyloxyiiiethyl phosphonate 148*7, the preparation of which is described 
in Tet. Lett., 1986, 27, 1477, to afford the displacement product 148.8. Preferably, equimolar 
amounts of the phosphonate 148.7 and the amine 148.6 are reacted together in an aprotic 
sohrent such as dichloromethane, in the presence of a base such as 2,6-Iutidine, at ambient 
5 temperatures, to afford the phosphonate product 148.8. D^rotection, for exanq>le by 
treatment with dihite aqueous sodium hydroxide for two minutes, as described in J. Am. 
Chem. Soc, 85, 1337, 1963, then affords the thiophenol 14SS. 

Using the above procedures, but enq)loying, in place of the thioamine 148.5, different phenols, 
thiophenols or amines 148.1, and/or different phosphonates 148.2, there are obtained the 
10 corresponding products 148.4. 

Scheme 149 illustrates the preparation of phosphonate esters linked to a thiophenol nucleus by 
means of a heteroatom and a multiple-carbon chain, enq)loymg a nucleophiiic displacement 
reaction on a dialkyl faromoalkyl phosphonate 149.2. In this procedure, a suitably protected 
hydroxy, thio or amino substituted thiophenol 149.1 is reacted with a dialkyl bromoalkyl 
phosphonate 149.2 to afford the product 1493. Deprotection then affords the free thiophenol 
149.4. 

For example, 3-hydroxythiophenol 149.5 is conv^ed into the S-trityl conqwund 149.6, as 
described above. This compound is then reacted with a dialkyl 4-bromobutyl phosphonate 
149.7, the synthesis of which is described in Synthesis, 1994, 9, 909. The reaction is 
conducted in a dipolar aprotic solvit, for exanq>le dimethylfoimamide, in the presence of a 
base such as potassium carbonate, and optionally in the presence of a catalytic amount of 
potassium iodide, at about 50°C to yield the ether product 149.8. Deprotection, as described 
above, then affords the thiol 149.9. 

Using the above procedmres, but en[5)loying, in place of the phenol 149.5, different phenols, 
thiophenols or amines 149.1, and/or different phosphonates 149.2, there are obtained the 
corresponding products 149.4. 

Scheme 150 depicts the preparation of phosphonate esters linked to a thiophenol nucleus by 
30 means of unsaturated and saturated carbon chains. The carbon chain linkage is formed by 
means of a palladium catalyzed Heck reaction, in which an olefinic phosphonate 150.2 is 
coupled with an aromatic brouK) conqpound 150.1. The coupling of aryl halides with olefins 
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by means of the Heck reaction is described, for exan5)le, in Advanced Organic Chemistry, by 
F. A. Carey and R. J. Smidberg, Plenum, 2001, p. 503flF and in Acc. Chem. Res., 12, 146, 
1979. The aryl bronfude and the olefin are coiqpled in a polar solvent such as 
dinoethylfonnandde or dioxan, in the presence of a paUadiumCO) catafyst such as 
5 tetrakis(tr^henylphosphiDe)panadium(0) or a palladiun^II) catalyst such as pa]ladium(II) 
acetate, and optionally in the presence of a base such as triethylamine or potassium carbonate, 
to afford the coupled product 150.3. Deprotection, or hydrogenation of the double bond 
followed by deprotection, affords req)ectivefy the unsaturated phosphonate 150.4, or the 
saturated analog 150*6. 

10 For example, 3-bromothiophenol is converted into the S-Fm derivative 150.7, as described 
above, and this conq>ound is reacted with a dialkyl 1-butenyI phosphonate 150.8, the 
preparation of which is described in J. Med. Chem, 1996, 39, 949, in the presence of a 
palladium (Q) catalyst, for example, bis(tri^henylphosphine) palladium (IT) chloride, as 
described in J. Med. Chem, 1992, 35, 1371. The reaction is conducted in an orotic dipolar 

15 solvent such as, for exarq)le, dimethylformanoide, in the presence of triethylamine, at about 
100**C to afford the coupled product 150.9. Deprotection, as described above, then affords 
the thiol 150.10. Optionally, the initially formed unsaturated phosphonate 150.9 is subjected 
to catalytic or chemical reduction, for example using diimide, as described in Scheme 138, to 
yield the saturated product 150.11, which upon deprotection affords the thiol 150.12. 

20 Using the above procedures, but en^loying, in place of the bromo con^und 150.7, different 
bromo conQ)ounds 150.1, and/or different phosphonates 150.2, there are obtained the 
corresponding products 150.4 and 150.6 



Scheme 151 illustrates the preparation of an aryl-linked phosphonate estar 151.4 by means of 
25 a palladium(0) or palladhm^n) catalyzed coupling reaction between a bromobenzene and a 
phenylboronic add, as described in Comprehensive Organic Transfoimarions, by R. C. Larock, 
VCH, 1989, p. 57. Hie sulfbr-substituted phenylboronic acid 151.1 is obtained by means of a 
metallation-boronation sequence applied to a protected bromo-substituted thiophenol, for 
example as described in J. Org. Chem., 49, 5237, 1984. A coupling reaction then affords the 
30 diaiyl produa 1513 which is deprotected to yield the thiol 151.4. 

For exan5)le, protection of 4-bromothiophenol by reaction with tert-butylchlorodimethylsilane, 
in the presence of a base such as inudazole, as described in Protective Groups in Organic 
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Synthesis, by T. W. Greene and P.G.M. Wuts, Wfley, 1991, p. 297, followed by n^tallation 
with butyllithiuin and boronation, as described in J. Qrganomet. ChenL, 1999, 581, 82, affords 
the boronate 151^. This material is reacted with a dialkyl 4-bromophenylphosphonate 151.6, 
the preparation of which is described in J. Chem. Soc, Perkin Trans., 1977, 2, 789, in the 
5 presence of tetrakis(tripheny^hosphine) palladium (0) and an inorganic base such as sodium 
carbonate, to afford the coupled product 151.7. Deprotection, for example by the use of 
tetrabutylammonium fluoride in anhydrous tetrahydrofuran, then yields the thiol 151.8. 
Using the above procedures, but employing, in place of the boronate 151.5, different 
boronates 151.1, and/or different phosphonates 151.2, there are obtained the corresponding 
10 products 151.4. 

Scheme 152 depicts the preparation of dialkyl phosphonates in which the phosphonate moiety 
is linked to the thiophenyl group by means of a chain which incorporates an aromatic or 
heteroaromatic ring. In this procedure, a suitably protected O, S or N-substituted thiophenol 
152.1 is reacted with a dialkyl bromomethyl-substituted aryl or heteroarylphosphouate 152.2, 
IS prepared, for example, by means of an Arbuzov reaction between equinoolar anoounts of a 
bis(bromo-methyl) substituted aromatic conoqpound and a trialkyl phosphite. The reaction 
product 152.3 is then deprotected to afford the thiol 152.4. 

For exanq)Ie, 1,4-dimercaptobeiizene is converted into the monobenzoyl ester 152.5 by 
reaction with one molar equivalent of benzoyl chloride, in the presence of a base such as 

20 pyridine. The monoprotected thiol 152.5 is then reacted with a dialkyl 4- 

(bromomethyI)phenylphosphonate, 152.6, the preparation of which is described in 
Tetrahedron, 1998, 54, 9341. The reaction is conducted in a s^olvent such as 
dimethylfoimamide, in the presence of a base such as potassium carbonate, at about SO^C. The 
thioether product 152.7 thus obtained is deprotected, as described above, to afford the thiol 

25 152.8. 

Using the above procedures, but eiq[>loying, in place of the thiophenol 152.5, different 
phenols, thiophenols or amines 152.1, and/or different phosphonates 152.2, there are obtained 
the corresponding products 152.4. 



30 Scheme 153 illustrates the preparation of phosphonate-^ontaining thiophenols in which the 
attached phosphonate chain forms a ring with the thiophenol moiety. 
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In this procedure, a suitably protected thiophenol 153.1, for exanq>le an indoline (in which X- 
Y is (CH2)2), an indole (X- Y is CH=CH) or a tetrahydroquinoline (X-Y is iCHzh) is reacted 
with a dialkyl trifluoromethanesulfonyloxymethyl phosphonate 153.2, in the presence of an 
organic or inorganic base, in a polar aprotic solvent such as, for exan5)le, dinoethylfonnaniide, 
5 to afford the phosphonate ester 153.3. Deprotection, as described above, then affords the 
thiol 153.4. The preparation of thio-substitutedindolines is described in EP 209751. Thio- 
substituted indoles, indohnes and tetrahydroquinolines are also obtained jOrom the 
corresponding hydroxy-substituted conipounds, for exan5)le by thermal rearrangement of the 
dimethylthiocarbamoyl esters, as described in J. Org. Chem., 31, 3980, 1966. The preparation 

10 of hydroxy-substituted indoles is described in Syn., 1994, 10, 1018; prq)aration of hydroxy- 
substituted indohnes is described in Tet. Lett., 1986, 27, 4565, and the preparation of 
hydroxy-substituted tetrahydroquinolines is described in J. Het. Chem, 1991, 28, 1517, and in 
J. Med. Chem., 1979, 22, 599. Thio-substituted indoles, indolines and tetrahydroquinohnes 
are also obtained jQrom the corresponding amino and bromo coinpoxmds, respectivefy by 

15 diazotization, as described in Sulfur Letters, 2000, 24, 123, or by reaction of the derived 
organolithium or magnesium derivative with sulfur, as described in Con^rehensive Organic 
Functional Group Preparations, A. R. Katritzky et al, eds, Pergamon, 1995, Vol. 2, p. 707. 
For example, 2,3-dihydro-lH-indole-5-thiol, 1533, the preparation of which is described in 
EP 209751, is converted into the benzoyl ester 153.6, as described above, and the ester is then 

20 reacted with the trifluoromethanesulfonate 153.7, using the conditions described above for the 
preparation of the phosphonate 148.8, (Scheme 148), to yield the phosphonate 153.8. 
Deprotection, for example by reaction with dilute aqueous ammonia, as described above, then 
affords the thiol 153.9. 

Using the sibove procedures, but employing, in place of the thiol 153.5, different thiols 153.1, 
25 and/or different triflates 153.2, there are obtained the correi^nding products 153.4. 
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Preparation of tert-butylamine derivatives 93 and 25.4 incorporating phosphonate 
groups. 



Schemes 154 - 158 iBustrate the preparation of the tert. butylaxnine derivatives 93 and 25.4 
in which the substituent A is either the group link P(0)(0R^)2 or a precursor, such as [OH], 
[SH], Br, which are employed in the preparation of the intomediate phosphonate esters 3, 7, 
11 and 20. 



Scheme 154 describes the preparation of tert-butylaniines in which the phosphonate moiety is 
directly attached to the tert-butyl group. A suitably protected 2.2-dimethyl-2-aminoethyl 
bromide 154.1 is reacted with a trialkyl phosphite 154.2, under the conditions of the Arbuzov 
reaction, as described in Scheme 137, to a£ford the phosphonate 1543, which is then 

IS deprotected to give the amine 154.4. 

For example, the cbz derivative of 2,2-dimethyl-2-arDinoethyl bromide 154.6, is heated with a 
trialkyl phosphite at ca ISOX to afford the product 154.7. Deprotection then affords the free 
amine 154.8. The removal of carbobenzyloxy substituents to afford the corresponding amines 
is described in Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, 

20 Wiley, Second Edition 1990, p. 335. The conversion is effected by the use of catalytic 
' hydrogenation, in the presence of hydrogen or a hydrogen donor and a palladium catalyst. 
Alternatively, the cbz group is removed by treatment of the substrate with triethylsilane. 
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triethylaimne and a catalytic amount of palladium QI) chloride, as described in Ghent Ber., 94, 
821, 1961, or by the use of trimethylsilyl iodide in acetonitrile at ambient temperature, as 
described in J. Chem. Soc, Perkin Trans. 1, 1277, 1988. The cbz group is also removed by 
treatment with Lewis acid such as boron tribronaide, as described in J. Org. dem., 39, 1247, 
5 1974, or ahmrinum chloride, as described in Tet. Lett., 2793, 1979. 

Using the above procedures, but en^loying different trialkyl phosphites, there are obtained the 
corresponding amines 154.4. 

Scheme 155 illustrates the preparation of phosphonate esters attached to the t^t butylamine 
10 by means of a heteroatom and a carbon chain. A protected alcohol or thiol 155*1 is reacted 
with a dialkyl hromoalkylpho^honate 155*2, to afford the displacement product 1553. 
Deprotection, if needed, then yields the amine 155.4. 

For example, the cbz derivative of 2-anmio-2,2-dimethylethanol 155.5 is reacted with a dialkyl 
4-bromobutyl phosphonate 155.6, prepared as described in Synthesis, 1994, 9, 909, in 
15 dimethylformamide containing potassium carbonate and a catalytic amount of potassium 
iodide, at ca 60"* to afford the phosphonate 155.7 Deprotection, by hydrogenation over a 
palladium catalyst, then affords the free amine 155.8. 

Using the above procedures, but employing different alcohols or thiols 155.1, and/or different 
bromoalkylphosphonates 155.2, there are obtained the corresponding ether and thioether 
20 products 155.4. 

Scheme 156 describes the preparation of carbon-linked tert. butylamine phosphonate 
derivatives, in which the carbon chain is unsaturated or saturated. 

In the procedure, a terminal acetylenic derivative of tert-butylamine 156.1 is reacted, under 
25 basic conditions, with a dialkyl chlorophosphite 156.2» to afford the acetylenic phosphonate 
1563. The coupled product 156.3 is dqjrotected to afford the amine 156.4. Partial or 
coirQ>lete catalytic hydrogenation of this coit5)ound affords the olefinic and saturated products 
156^5 and 156.6 respectively. 

For example, 2-amino-2-methylprop- 1-yne 156.7, the preparation of which is described in WO 
30 9320804, is converted into the N-phthalimido derivative 156.8, by reaction with phthalic 
anhydride, as described in Protective Groups in Organic Synthesis, by T. W. Greene and 
P.G.M. Wuts, Wiky, 1991, pp. 358. This conopound is reacted with lithium diisopropylamide 
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in tetrahydrofuran at -1%^C. The resultant anion is then reacted with a dialkyl cUorophosphite 
156.2 to afford the phosphonate 156.9. Deprotection, for exaiiq>le by treatment with 
hydrazine, as described in J. Org. Chem., 43, 2320, 1978, then affords the free amine 156.10. 
Partial catalytic hydrogenation, for example using Undlar catalyst, as described in Reagents 
5 for Organic Synthesis, by L. F. Heser and M. Fieser, Volume 1, p. 566, produces the olefinic 
phosphonate 156.11, and conventional catalytic hydrogenation, as described in Organic 
Functional Group Preparations, by S.R. Sandler and W. Karo, Academic Press, 1968, p. 3. for 
exanq>le using 5% palladium on carbon as catafyst, affords the saturated phosphonate 156.12. 
Using the above procedures, but employing different acetylenic amines 156.1, and/or different 
10 dialkyl halophosphites, there are obtained the corresponding products 156.4, 156*5 and 156.6. 

Scheme 157 illustrates the preparation of a tert butylamine phosphonate in which the 
phosphonate moiety is attached by means of a cyclic amine. 

In this method, an aminopropyl-substituted cyclic amine 157.1 is reacted with a limited 

* - 

15 amount of a bromoalkyl phosphonate 157.2, using, for exanq>le, the conditions described 
above (Scheme 149) to afford the displacement product 1573. 
For exan5)le, 3-(l-amino-l-methyl)ethy]pyrrolidine 157.4, the preparation of which is 
described in Chem. Pharm. Bull, 1994, 42, 1442, is reacted with one molar equivalent of a 
dialkyl 4-bromobutyl phosphonate 1573, prepared as described in Synthesis, 1994, 9, 909, to 

20 afford the displacement product 157.6. 

Using the above procedures, but eiiq>loying, in place of 3-(I-amino-l-inethyl)ethylpyrrolidine 
157.4, different cyclic amines 157.1, and/or different bromoalkylphosphonates 157.2, there are 
obtained the corresponding products 157.3. 

25 Scheme 158 illustrates the preparation of the amides 93 which are employed in the 

preparation of the phosphonate esters 3. In this procedure, the carboxylic acids 158*1, the 
structures of which are illustrated in Chart 10, confounds CI - C16, are converted into the 
BOC-protected derivatives 155.8. Methods for the conversion of amines into the BOC 
derivative are described in Protective Groups in Organic Synthesis, by T.W. Greene and 

30 P.G.M Wuts, Wiley, Second Edition 1990, p. 327. For example, the amine is reacted with di- 
tert-butoxycarbonylanhydride (BOC anhydride) and a base, or with 2-(tert- 
butoxycarbonyloxyimino)-2-phenylacetonitrile (BOC-ON), and the like. The carboxylic acid 
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158.2 is then coupled, as described in Scheme 1, with the tert. butylanrine derivatives 2S.4, or 
precursors thereto, the preparation of which is described in Schemes 154 - 157, to afford the 
amide 1583. The BOC group is then removed to yield the amine 93. The removal of BOC 
protecting groups is described, for exan5)Ie, in Protective Groups in Organic Synthesis, by 
T.W. Greene and RCM Wuts, Wiley, Second Edition 1990, p. 328. The deprotection is 
effected by treatment of the BOC con5)ound with anhydrous acids, for example, hydrogen 
chloride or trifluoroacetic acid, or by reaction with trin^thylsilyl iodide or aluminum chloride. 

Preparation of pyridine intermediates 13,1 incorporating phosphonate sobstituents. 

Schemes 159 - 163, described the preparation of chloromethyl or fonnyl pyridine derivatives 
incorporatiDg phosphonate moieties. Scheme 164 illustrates the conversion of the above 
corcpounds into the piperazine derivatives 13,1 which are enaployed in the preparation of the 
phosphonate esters 4. 

Scheme 159 illustrates the preparation of chloromethyl-substituted pyridines in which a 
phosphonate moiety is directly attached to the pyridine ring. 

In this procedure, a halo-substituted methylpyridine 159.1 is reacted with a dialkyl phosphite 
159.2, to afford the phosphonate product 1593. The coiq)ling reaction is conducted in the 
presence of a palladium (0) catalyst, for exanaple as described in J. Med. Chem., 35, 1371, 
1992. The product 159.3 is then converted into the cMoromethji derivative 159.4 by means 
of a chlorination reaction. The chlorination of benzylic methyl groups is described in 
Comprehensive Organic Transfonnations, by R. C. Larock, VCH, 1989, p. 313. A variety of 
free-radical chlorinating agents are employed. 

For exan:5>le, 3-hromo-5-methylpyridine, 159.5 (ChemPadfic) is reacted with an equimolar 
amount of a dialkyl sodium phosphite, 13.2 in the presence of 

tetrakis(triphenylphosphine)panadium(0) and triethylamine, in toluene at reflux, to yield the 
phosphonate 159.6. The latter confound is then chlorinated, for example by the use of one 
molar equivalent of phenyliodonium dichloride, as described in J. Org. Chem., 29, 3692, 1964, 
to prepare the chloromethyl con5)ound 159.7. 

Using the above procedures, but en5)loying, in place of the bromomethyl pyridine 159.5, 
different halomethyl pyridines 159.1, and/or different dialkyl phosphites 159.2 the 
corresponding products 159.4 are obtained. 
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Scheme 160 depicts the preparation of chloromethyl pyridines incorporating a phosphonate 
group attached to the pyridine ring by means of a carbon linL In this procedure, a 
bis(chloromethyI)pyridine 160.1 is reacted with a sodium diafflcyl phosphite 1463, employing, 
for exanq)le, procedures described in J. Med. Chem., 35, 1371, 1992, to afford the 
5 displacenoent product 160.2. 

For example, 3,5-bis(chloromethyl)pyridiQe 1603, the preparation of which is described in 
Eur. J. Inorg. Chem., 1998, 2, 163, is reacted with one molar equivalent of a dialkyl sodium 
phosphite 1463 in tetrahydrofuran, at ambient tenoperature, to afford the product 160*4. 
Using the above procedures, but employing, in place of the bis(chloromethyl) compound 
10 1603, different bis(chloromethyl) pyridines 160.1, and/or different dialkyl sodium phosphites 
1463 the corresponding products 160.2 are obtained. 

Scheme 161 iflustrates the preparation of pyridine aldehydes incorporating a phosphonate 
group linked to the pyridine nucleus by means of a saturated or unsaturated carbon chain. In 
this jHTocedure, a suitably protected halo-substituted pyridine carboxaldehyde 161.1 is coupled, 

15 by means of a palladium-catalyzed Heck reaction, as described in Scheme 150, with a dialkyl 
aDcenyl phosphonate 161.2. Methods for the protection of aldehydes are described in 
Protective Groups in Organic Synthesis, by T. W. Greene and P.GJVl. Wuts, Wiley, 1991, p. 
175. The protected aldehyde 161.1 is reacted with an olefinic phosphonate 161.2, in the 
presence of a palladium (0) catalyst, to afford the coupled product 1613. Deprotection of the 

20 aldehyde group then affords the product 161.6. Alternatively, the unsaturated con5)ound 
161.3 is reduced to afford the saturated analog 161.5, which upon deprotecrion yields the 
saturated analog 161.7. Methods for the reduction of carbon-carbon double bonds are 
described, for exan^ple, in Comprehensive Organic Transformations, by R. C. Larock, VCH, 
1989, p. 6. The methods include catalytic reductioni, and chenncal reduction, the latter for 

25 example employing diborane or diimide. 

For exannple, 5-bromopyridine-3-carboxaldehyde 161.8 (ChemPacific) is converted into the 
dimethyl acetal, by reaction with methanolic ammonium chloride, as described in J. Org. 
CheuL, 26, 1156, 1961. The acetal 161.9 is then reacted with a dialkyl butenyl phosphonate 
161.10, the preparation of which is described in J. Med. CheuL, 1996, 39, 949, in the presence 

30 of bis(triphenylphosphine) pa]ladium(n) chloride, as described in J. Med. Chem, 1992, 35, 
1371, to afford the coiqlled product 161.11. Deprotection, for exanq>le by treatment with 
formic acid in pentane, as described in Synthesis, 651, 1983, yields the free aldehyde 161.13. 
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Hie product is reduced, for exanq)le by reaction with diimide, as described in J. Org. Cheia, 
30, 3965, 1965, to afford the saturated product 161*12. 

Using the above procedures, but enqploying, in place of the aldehyde 161*8, different 
aldehydes 161.1, and/or different phosphonates 161.2, the corresponding products 161.6 and 
5 161.7 are obtained. 

Scheme 162 illustrates the preparation of pyridine aldehydes incorporating a phosphonate 
group linked to the pyridine by a heteroatom and a carbon chain. In this procedure, a 2- or 4- 
halo-substituted pyridine aldehyde 162.1 is reacted with a dialkyi hydroxy- or thio- 
alkylphosphonate 162.2. The preparation of alkoxypyridines by the reaction of alkoxides with 

10 habpyridines is described, for example, in J. Am. Chem. Soc, 82, 4414, 1960. The 

preparation of pyridine thioethers by reaction of halopyridines with thiols is described, for 
exan5)le, in Chemistry of Heterocyclic ConqK)unds, Pyridine and its derivatives, E. 
KHngsberg, Ed, part 4, p. 358. The alcohols and thiols are transformed into metal salts, for 
exarqple sodium or potassium salts, and then reacted with the halopyridine substrates at 

15 elevated temperatures, optional^ in the presence of copper powder catalyst, to afford the 
ether or thioether products 1623. 

For exaii^>le, a tetrahydrofuran solution of 2-bromo-pyridine-5-aldehyde 162.4, prepared as 
described in Tet. Lett, 2001, 42, 4841, is heated at reflux with an equimolar amount of a 
dialkyi 2-mercaptoethylphophonate 162.5, the preparation of which is described in Aust. J. 
20 Chem., 43, 1 123, 1990, in the presence of sodium carbonate, to afford the thioether product 
162.6. 

Using the above procedures, but employing, in place of the haloaldehyde 162.4, different 
haloaldehydes 162.1, and/or different hydro^ or thio-alkyl phosphonates 162 JS, the 
corresponding products 1623 are obtained. 

25 Scheme 163 depicts the preparation of pyridine aldehydes 1633 in which the phoq>honate 

groiq> is attached to the pyridine nucleus by means of a chain incorporatmg a nitrogen atono. In 
this procedure, a pyridine dicarboxaldehyde 163.1 is reacted with a dialkyi amdnoalkyl 
phosphonate 163.2, in the presence of a reducing agent, so as to effect a reductive amination 
reaction, yielding the product 1633. The preparation of amines by means of reductive 

30 amination of aldehydes is described, for exan^le, in Advanced Organic Chemistry, F. A.. 
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Carey, R. J. Sundberg, Henum, 2001, part B, p. 269. The reactants are combined in an inert 
solvent such as an alcohol or ether, and treated with a reducing agent such as, for exanople, 
sodium cyanoborohydride or sodium triacetoxy borobydride, so as to yield the amine product 
1633. 

5 For exanQ)Ie, equimolar amounts of pyridine 3,5-dicarboxaldehyde 163.4, prepared as 
described in Tet Lett, 1994, 35, 6191, and a dialkyl 2-aminoethyl phosphonate 163^ 
prepared as described in J. Org. Cbem., 2000, 65, 676, are reacted with sodium 
cyanoborohydride in isopropanol containiag acetic acid, at ambient terq>erature, so as to 
produce the amine product 163.6 
10 Using the above procedures, but employing, in place of the dicarboxaldehyde 163.4, difTerent 
dicarboxaldehydes 163.1, and/or different ammoalkyl phosphonates 163.2, the corresponding 
products 1633 are obtained. 

Scheme 164 illustrates the incorporation of the formyl or chloromethyl pyridines, the syntheses 

15 of which are described above, into the piperazine reagent 13.1. Con9)ounds 164,2 in which Z 
is chloromethyl are reacted with the mono-protected piperazine derivatives 164.1, the 
preparation of which are described in WO 971 1698, to afford the alkylated product 1643. The 
preparation of amines by means of alkylation reactions is described, for exan^le, in 
Con^rehensive Organic Transformations, by R. C. Larock, VCH, p. 397. Equimolar amounts 

20 of the reactants 164.1 and the halomethyl pyridine con^und 164.2, are combined in a organic 
solvent such as an alcohol or dimethylformamide, in the presence of a base such as 
triethylamine or potassium carbonate, to give the alkylated products 164.3. The alkylation of 
a pq>erazine derivative by a 3-chloromethylpyridine is described in W09628439. Alternatively, 
the amine 164.1 is reacted with the aldehyde 164JS to afford the product 1643 in a reductive 

25 alkylation reaction. The preparation of amines by means of reducitive amination procedures is 
described in Scheme 163. In this procedure, the amine conqponent and the aldehyde 
coiq)onent are reacted together in the presence of a reducing agent such as, for exaiq>le, 
borane, sodium cyanoborohydride or diisobutylaluminum hydride, optionally in the presence of 
a Lewds acid, such as titanium tetraisopropoxide, as described in J. Org. Chem., 55, 2552, 

30 1990. The reductive alkylation reaction between 3-pyridinecarboxaldehyde and a substituted 
P5)erazine is described in W09628439. Deprotection of the product 1643 then yields the free 
amine 13.1. 
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Scheme 159 
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Scheme 161 
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Scheme 162 
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13.1 



Pr^aration of dimethoxybenzyl halides 49.7 incorporating phoq>Iionate gronps. 

Schemes 165 - 169 iDastrate the preparation of dimethoxybenzyl bahdes 49.7 incorporating 
phospbonate groiqps, which are employed in the synthesis of the phosphonate estos 6 and 13. 

Schrane 165 depicts the preparation of dimethoxybenzyl alcohols in which the phosphonate 
group is attached either directfy to the phenyl ring or by a saturated or unsaturated alkylene 
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chain. In this procedure, a hromo-substituted dimethoxy benzyl alcohol is coupled, in the 
presence of a palladium catalyst, with a dialkyl alkenyl phosphonate 165.2, to afford the 
coupled product 1653. The reaction is conducted under the conditions described in Scheme 
150. The product 165.3 is then reduced, for example by treatment with diimide, as described 
in Scheme 150. to yield the saturated analog 165.4. Alternatively, the bromo compound 165.1 
is coupled, in the presence of a palladium catalyst, as described in Scheme 144, with a dialkyl 
phosphite 165.5, to afford the phosphonate 165.6. . 

For exanqjle, 4-bromo-3,5-din]^thoxybenzyl alcohol 165.7, the preparation of which is 
described in J. Med. Caiem., 1977, 20, 299, is coupled with a dialkyl alfyl phosphonate 165.8 
(Aldrich) in the presence of his(triphenylphosphine) paHadiimi (II) chloride, as described in J. 
Med. Chem, 1992, 35, 1371. The reaction is conducted in an aprotic d^olar solvent such as, 
for example, dimethylformamide, in the presence of triethylamine, at about lOO^'Cto afford the 
coupled product 165.9. The product is reduced, for exan5)le by treatment with diimide. as 
described in J. Org. ChenoL, 52, 4665, 1987, to yield the saturated compound 165.10. 
Using the above procedures, but employing, in place of the dimethoxy bromobenzyl alcohol 
165.7, different benzyl alcohols 165.1, and/or different alkenyl phosphonates 165.2, the 
corresponding products 1653 and 165.4 are obtained. 

As a further example, 3-bromo-4,5-dimethoxybenzyl alcohol 165.11, the preparation of which 
is described in J. Org. Chem., 1978, 43, 1580, is coupled, in tohiene solution at reflux, with a 
dialkyl phosphite triethylamine and tetrakis(triphenylphosphine)palladium(0), as 
described in J. Med. Oiem., 35, 1371, 1992, to yield the phenyl phosphonate 165.12. 
Using the above procedures, but employing, in place of the dimethoxy bromobenzyl alcohol 
165.11, different brazyl alcohols 165.1, and/or different dialkyl phosphites 165.5, the 
corresponding products 165.6 are obtained. 

Scheme 166 illustrates the preparation of dimethoxybenzyl alcohols incorporating 
phosphonate groups attached by means of an amide group. In this procedure, a cari)oxy- 
substituted dimethoxybenzyl alcohol 166.1 is coiq>led, as described in Scheme 1, with a dialkyl 
aminoalkyl phosphonate 166.2 to prepare the amide 1663. 

For exan5>le, 2,6-dimethoxy-4-(hydroxymethyl)benzoic add 166.4, the preparation of which is 
described in Chem. Pharm. BulL, 1990, 38, 211 8, is coupled in dimethylformamide solution, in 
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the presence of dicyclohexylcarbodiimide, with a diaBqrl ammoethyl phosphonate 166^, the 
preparation of which is described in J. Org. Chem., 2000, 65, 676, to afford the amide 166.6. 
Using the above procedures, but employing, in place of the dimethoxybenzoic add 166,4, 
different benzoic acids 166J, and/or different aminoalkyl phosphites 166J5, the corresponding 
products 1663 are obtained 

Scheme 167 illustrates the preparation of dimethoxybenzyl alcohols incorporating 
phosphonate groups attached by means of an aminoalkyl or an amide group. In this 
procedure, an amino-substituted dimethoxybenzyl alcohol 167.1 is reacted, under reductive 
amination conditions, as described in Schema 163, with a dialkyl formylalky^)hosphonate 
167^ to yield the aminoalkyl product 1673. Alternatively, the ammo-sutetituted 
dimethoxybenzjd alcohol 167.1 is coupled, as described in Scheme 1, with a dialkyl 
carboxyalkyl phosphonate 167.4, to produce the amide 167.5. 
For example, 3-amino-4,5-dimetho;Q^benzyl alcohol 167.6, the prq)aration of which is 
described in BulL Chem. Soc. Jpn., 1972, 45, 3455, is reacted, in the presence of sodium 
triacetoxyborohydride, with a dialkyl fonnylmethyl phosphonate 167.7, as described in 
Scheme 135, to afford the aminoethyl phosphonate 167.8. 

Using the above procedures, but enq>loying, in place of the amine 167.6, different amines 
167.1, and/or different formylalkyl phosphites 167.2, the corresponding products 1673 are 
obtained. 

As a further exan5)le, 4-ainino-3,5-dimethoxybenzyl alcohol 167.9, the preparation of which is 
described in BulL Chem. Soc. Jpn., 1972, 45, 3455, is coupled, in the presence of dicyclohexyl 
carbodiimide, with a dialkyl phosphonoacetic acid 167.10, (Aldrich) to afford the amide 
167.11. 

Using the above procedures, but employing, in place of the amine 167.6, different amines 
167.1, and/or different carboxyalkyl phosphonates 167.4, the corresponding products 167.5 
are obtained. 

Scheme 168 illustrates the preparation of dimethoxybenzyl alcohols incorporating 
phosphonate groups attached by means of an alkoxy group. In this procedure, a 
dimethoxyhydroxy benzyl alcohol 168.1 is reacted with a dialkyl alkylphosphonate 168.2 with 
a terminal leaving group to afford the alkoxy product 1683.. The alkylation reaction is 
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10 



15 



effected in a polar organic solvent such as dimethytfonnamide in the presence of a base such as 
dimethylaminopyridiDe or cesium caibonate. 

For example, 4-hydroxy-3,5-dimethoxybenzyl alcohol 168.4. the preparation of which is 
described in J. Med. Oiem. 1999, 43, 3657, is reacted in dimethylfonnanride at 80'C with an 
equimolar amount of a dialkyl bromopropyl phosphonate 168.5, prq)ared as described in J. 
Am. Chem. Soc., 2000, 122, 1554, and cesium carbonate, to give the alkylated product 168.6. 
Using the above procedures, but employmg, in place of the phenol 168.4, different phenols 
168.1, and/or different aDcyl phosphonates 168Jt, the corresponding products 1683 are 
obtained. 

As a further example, 4,5-dimethoxy-3-hydroxybenz^ alcohol 168.7. prepared as described m 
J. Org. Chem., 1989, 54, 4105, is reacted, as described above, with a dialkyl 
trifluoromethanesulfonyloxymethyl phosphonate 168.8, prepared as described in Tet Lett., 
1986, 27, 1477, to produce the alkylated product 168.9. 

Using the above procedures, but employing, in place of the phenol 168.7, different phenols 
168.1, and/or different alkyl phosphonates 168.2, the corresponding products 168.3 are 
obtained. 



20 



25 



30 



Scheme 169 illustrates the conversion of the benzyl alcohols 169.1. in which the substituent A 
is the group fink-P(0)(OR%, or a precursor, prepared as described above, into the 
corresponding halides 169.2. The conversion of alcohols into chlorides, bromides and iodides 
is described, for example, in Comprehensive Organic Transformations, by R. C. Larock, VCH, 
1989, p. 354ff, p. 356fFand p. 358ff. For exan5)le, benzyl alcohols are transfoimed into the 
chloro compounds, in which Ha is chloro. by reaction with triphenylphosphine and N- 
chlorosuccinimide, as described in J. Am. Chem. Soc., 106. 3286, 1984. Benzyl alcohols are 
transformed into bromo compounds by reaction with carbon tetrahronride and 
triphenylphosphine, as described in J. Ann. Chem. Soc., 92, 2139, 1970. Benzyl alcohols are 
transformed into iodides by reaction with sodium iodide and boron trifluoride etherate, as 
described in Tet. Lett. 28. 4969. 1987, or by reaction with diphosphorus tetraiodide. as 
described in Tet. Lett.. 1801, 1979. Benzylic chlorides or hromdes are transfonned into the 
corresponding iodides by reaction with sodium iodide in acetone or methanol, for exanmle as 
described in EP 708085. 
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Preparation of dimethoxythiophenols 23.1 incorporating phosphonate groups. 

Schemes 170 - 173 illustrate the preparation of the dimethoxythiophenols 23.1 incorporating 
phosphonate groups, which are used in the synthesis of the phosphonate esters 6 and 13. 

5 

Scheme 170 illustrates the preparation of dimethoxythiophenol derivatives incorporating a 
phosphonate group attached by means of an amide group. In this procedure, a 
dimethoxyamino-substituted benzoic acid 170.1 is converted into the corresponding thiol 

170.2. The conversion of amines into the corresponding thiols is described in Sulfur Lett., 
10 2000, 24, 123. The amine is first converted into the diazonium salt by reaction with nitrous 

acid. The diazoniimi salt, preferably the diazonium tetrafluoborate, is reacted in acetonitrile 
solution with a sulfhydryl ion exchange resia, as described in Sulfur Lett., 2000, 24, 123, to 
afford the thiol 170.2. The product is then coupled, as described above, with a dialkyl 
aminoalkyl phosphonate 170.3, to yield the amide 170.4. 
15 For exarcple, 5-amino-2,3-dimethoxybenzoic acid 170.5, the preparation of which is described 
in JP 02028185, is converted, as described above, into 2,3-dimethoxy-5-mercaptobenzoic acid 
170.6. The product is then coupled, as described in Scheme 1, in the presence of dicyclohexyl 
carbodiimide, with a dialkyl aminopropyl phosphonate 170.7, (Acros) to afford the amide 
170.8. 

20 Using the above procedures, but employing, in place of the amine 170.5, different amines 

170.1, and/or different aminoalkyl phosphonates 170.3, the corresponding products 170.4 are 
obtained. 

Scheme 171 illustrates the preparation of dimethoxythiophenol derivatives incorporating a 
25 phosphonate group attached by means of a saturated or unsaturated alkylene chain. In this 
procedure, a bromodimethoxyaniline 171.1 is converted, as described in Scheme 170, into the 
corresponding thiophenol 171.2. TTie thiol group is then protected to give the derivative 

171.3. The protection and deprotection of thiol groups is described in Protective Groups in 
Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 277. 

30 For example, thiol substituents are protected as trialkylsfllyloxy groups. Trialkylsilyl groups 
are introduced by the reaction of the thiophenol with a chlorotrialkylsilane and a base such as 
imidazole. Alternatively, thiol substituents are protected by conversion to tert-butyl or 
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adamantyl thioethers, or 4-methoxybenzyl thioethers, prepared by the reaction between the 
thiol and 4-methoxybenzyl chloride in the presence of ammonium hydroxide, as described in 
BvJL Chem. Soc. Jpn., 37, 433, 1974. The product 1713 is then coupled, in the presence of a 
palladium catalyst, as described in Scheme 165, with a dialkyl alkenyl phosphonate 171.4, to 
give the alkenyl product 171*5. Deprotection then yields the thiol 171.6. Reduction of the 
double bond, for example by reaction with diimide, as described in J. Org. Oiem., 52, 4665, 
1987, affords the saturated product 171.7. 

For exanple, 4>hromo-3,5-dmiethoxyaniline 171.8, prepared as described in W09936393, is 
converted, by diazotization, into 4-bromo-3,5-dimethoxythiophenol 171 The product is 
then transfom^ into the S-benzoyl derivative 171.10, by reaction with benzoyl chloride in 
pyridine, and the product is coupled, as described in Scheme 165, vwth a dialkyl butenyl 
phosphonate 171.11, the preparation of which is described in J. Med. Chem., 1996, 39, 949, 
to yield the phosphonate 171.12. Deprotection, for exanple by treatment with aqueous 
ammonia at ambient ten5)erature, as described in J. Am. Chem. Soc., 85, 1337, 1963, then 
afford the thiol 171.13. The double bond is reduced with diimide to give the saturated analog 
171.14. 

Using the above procedures, but employing, in place of the amine 171.8, different amines 
171.1, and/or different alkenyl phosphonates 171.4, the correq)onding products 171.6 and 
171.7 are obtained. 

Scheme 172 illustrates the preparation of dimethoxythiophenol derivatives incorporating a 
phosphonate group directly attached to the phenyl ring. In this procedure, a protected 
bromodimethoxythiophenol 172.1, prepared, for exan5>le, from the corresponding aniHne, as 
described above, is coupled, in the presence of a palladium catalyst, as described in Scheme 
165, with a dialkyl phosphite 172.2. The product is then deprotected to afford the 
phosphonate ester 172.4. 

For example, 3-hromo-4,5-dimethoxyaniline 172.5, prepared as described in DE 2355394, is 
converted, as described above iu Schemes 165 and 171, into S-benzoyl 3-hromo-4,5- 
dimethoxythiophenol 172.6. This conqx^und is then coupled, io toluene solution at reflux, 
with a diaHq^l phosphite 172.2, triethylamine and tetrakis(trii)henylphosphine)palladium(0), as 
described in J. Med. Chem., 35, 1371, 1992, to yield the phenyl phosphonate 172.7. 
Deprotection, as described in Scheme 171, then affords the thiol 172.8. 
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Using the above procedures, but ein)loying, in place of the protected thiol 172.6, different 
thiol 172.1, the corresponding products 172.4 are obtained. 

Scheme 173 illustrates the preparation of dimethoxythiophenol derivatives incorporating a 
phosphonate group attached to the phenyl ring by means of an alkoxy group. In this 
procedure, a dimethoxy aminophenol 173.1 is converted, via the diazo conq)ound, into the 
conresponding thiophenol 173 Jl. The thiol group is then protected, and the product 173.3 is 
alkylated, as described in Scheme 168, with a dialkyl bromoalkyl phosphonate 173.4. 
Deprotection of the product 173.5 then ajSbrds the thiophenol 173.6. 
For example, 5-amino-2,3-dimethoxyphenol 173.7, prepared as described in WO 9841512, is 
converted by diazotization, as described above, into the thiophenol 173.8, and the product is 
protected by reaction with one molar equivalent of benzoyl chloride in pyridine, to yield the S- 
benzoyl product 173.9. The latter compound is then reacted, in dimethylformamide solution 
at 80''C, with a dialkyl bromoethyl phosphonate 173.10 (Aldrich) and cesium carbonate, to 
produce the etho^syphosphonate 173.11. Deprotection, as described in Scheme 171, then 
yields the thiol 173.12. 

Using the above procedures, but en5)loying, in place of the thiol 173.8, different thiol 173.2, 
and/or different bromoalkyl phosphonates 173.4, the corresponding products 173.6 are 
obtained. 



-575- 



wo 03/090690 



PCTAJS03/12901 



Scheme 165 
Method 



OMe 




CH2=CH(CH2)nP(0)(OR^)2 9Me 
Br ~ 



165.2 

OMe 
165.1 

HP(0)(0R^)2 
165.5 

OMe 




OMe 



j-CH=CH (CH2)„P(0)(OR i)2 
OMe 



165.3 




(CH2)n+2P(0)(ORl)2 



OMe 
°" 165.4 




OMe 



CH2=CHCH2P(0)(0R^ )2 



165.8 




OMe 




165.9 



^OMe 
OH 165.10 



.ORl 
g^ORl 



OMe 



OMe HP(0)(0Ri)2^.4^0Me 



165.5 



165.11 

Scheme 166 
Method 

OMe 



165.12 



OMe 



IF 3-COOH( R^O)2P(0)(CH 2)nNH2 jr%CONH(CH2)nP(0)(ORl)2 
OMe 166J2 lOMe 



OH 

166.1 
Example 
OMe 

r^^OMe 
166.4 



COOH 



{R^O)2P(0){CH2)2NH2 J 



OMe 

J^C0NH(CH2)2P(0)(0R1)2 



166.5 



OH 
166.6 



-576- 



wo 03/090690 PCT/LS03/12901 



Scheme 167 
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Scheme 173 
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5 Preparation of ethanolamine deiivatiyes 29.1 incoiporating^ phosphonate groufS. 

Schemes 174 - 178 fflustrate the preparation of the ethanolamine derivatives 29.1 which are 
employed in the preparation of the phosphonate esters 18 and 8. 



10 



Scheme 174 ilhistrates the preparation of ethanolamine doivatives in which the phosphonate 
group is attached hy means of an aBsyl chain. In this procedure, ethanolamiDe 174.1 is 
protected to give the derivative 174.2. The product is then reacted with a dialkyl aSkyl 
phosphonate 1743 in which the alkyl group incorporates a leaving group Lv. Hie al^lation 
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reaction is perfonned in a polar organic solvent such as acetonitrfle or dimethylformamide. in 
the presence of a strong base such as sodium hydride or lithium hexamethyldisilazide. to afford 
the ether product 174^. The protecting group is then removed to yield the amine 174^. The 
protection and deprotection of amines is described in Protective Groups in Organic Synthesis, 
by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 309. The amino compound 
174 J is then coupled, as described in Scheme 1. with the aminoacid 174.6, to give the amide 
174.7. 

For exan^le, equimolar amounts of phthaKmide and ethanolamine are reacted in toluene at 
70-C, as described in J. Org. Chem., 43, 2320, 1978. to prepare the phthalimido derivative 
174.8, in which Phth is phthalimido. The product is then reacted, in tetrahydroforan, witii 
sodhmi hydride and an equimolar amount of a dialkyl trifluoromethylsulfonyloxymethyl 
phosphonate 174.9, the preparation of wMch is described in Tet Lett, 1986, 27, 1497, to 
afford the ether product 174.10. The phthalimido group is then removed by treatment of the 
product 174.10 with ethanolic hydrazine at ambient temperature, as described in J. Org. 
Ghent, 43, 2320. 1978, to yield the amine 174.11. The product is then coupled, in the 
presence of dicyclohexjicarbodiimide, with the aminoacid 174.6, to yield the amide 174.12. 
Using the above procedures, but employing, in place of the methy]phoq>honate 174.9, 
different alkylphosphonates 174.3, the corresponding products 174.7 are obtained. 

Scheme 175 fflustrates the preparation of ethanolamine derivatives in which the phosphonate 
group is attached by means of an alkylene chain incorporating a nitrogen. In this procedure, 
ethanolamine 174.1 and the aminoacid 174.6 are coupled, as described in Scheme 1, to form 
the amide 175.1. The product is then alkylated with a bromoalkyl aldehyde 175.2 to yield tiie 
ether 1753. The alkylation reaction is performed in a polar organic solvent such as 
acetonitrile or dioxan, in tiie presence of a strong base suchas potassium tert. butoxide or 
sodium hydride, at about 60°C. The aldehyde product is then reacted, under reductive 
amination conditions, as described in Scheme 135, with a dialkyl anrinoalkyl phosphonate 
1754, to produce the amine product 175.5. 

For exanq)le, flie amide 175.1 is reacted, as described above, vwth bromoacetaldehyde 175.6, 
to afford the ether 175.7. The product is then reacted in etiianol with a dialkyl aminoetiiyl 
phosphonate 175.8, (Anrora)and sodium triacetoxyborohydride. to yield the amine 175.9. 
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Using the above procedures, but employing, in place of the hromoacetaldehyde 175.6, 
different bromoalkyl aldehydes 175.2, and/or different aminoalkyl phosphonates 175.4, the 
corresponding products 175.5 are obtained. 

Scheme 176 illustrates the preparation of ethanolanme derivatives in which the phosphonate 
group is attached by means of a phenyl ring. In this procedure, hromoethylamine 176.1 and the 
aminoacid 174.6 are coupled, as described in Scheme 1, to afford the amide 176.2. The 
product is then reacted with the dialkyl hydroxyalkyl-substituted ptenylphosphonate 176.3 to 
prepare the ether 176.4. The alkylation reaction is performed in a polar organic solvent such 
as dimethyl sulfoxide or dioxan, in the presence of a base such as lithium 
bis(trimethylsilyl)amide, sodium hydride or lithium piperidide. 
For exanople, the amide 176.2 is reacted in dimethylFormamide with a dialkyl 4-(2- 
hydroxyethyl)phenyl phosphonate 176.5, prepared as described in J. Ana. Chem. Soc, 1996, 
118, 5881, and sodium hydride, to furnish the ether product 176.6. 

Using the above procedures, but en5)loying, in place of the hydroxyethyl phenylphosphonate 
176.5, different phosphonates 176.3, the corresponding products 176.4 are obtained. 

Scheme 177 illustrates the preparation of ethanolamine derivatives in which the phosphonate 
group is attached by means of an alkylene chain. In this procedure, the aminoadd 174.6 is 
coupled with a hromoalkoxy-substituted ethylamine 177.1 to give the amide 177.2. Hie 
product is then subjected to an Arbuzov reaction with a trialtyl phosphite P(OR^)3. In this 
procedure, described in Handb. Qrganophosphorus Ghent, .1992, 1 15, the reactants are heated 
together at ca. lOO'C to afford the product 177.4. 

For exanq>le, the aminoacid 174.6 is coupled, as described in Scheme 1, in acetonitrile solution 
containing dicyclohexylcarbodiimide, with 2-bromoethoxyethylamine 177.5, prepared as 
described in Vop. Khim. Tekk, 1974, 34, 6, to produce the amide 177.6. The product is then 
heated at 120'C with excess triaHcyl phosphite 1773, to afford the phosphonate 177.7. 
Using the above procedures, but en5)loying, in place of the bromoethoxyethylamine 177.5, 
different bromoalkyl ethylamines 177.1, the corresponding products 177*4 are obtained. 

Scheme 178 depicts the preparation of the amines 29.1. The BOC-protected ethanolamine 
derivatives 178.1, in which the group A is either the substituent link-P(0)(0R')2, or a 
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I»ecursor thereto, prepared as desciibed in Schemes 174 - 177, are deprotected to a£Ford the 
amines 29.1. The removal of BOC protecting groups is described, for example, in Protective 
Groups in Organic Synthesis, by T.W. Greene and P.GJVl Wuts, Wiky, Second Edition 1990, 
p. 328. The deprotection is effected by treatment of the BOC con^wund with anhydrous 
acids, for example, hydrogen chloride in ethyl acetate, or triflnoroacetic acid, or by reactron 
with trimethylsilyl iodide or ahiminmn chloride. 

Preparation of the chroman phosphonate esters 33.1. 



0 Schemes 179 - 181a illustrate the preparation of the chroman phosphonate estws 33.1 which 
are employed in the preparation of the phosphonate est^ 17 and 9. 

Scheme 179 depicts the preparation of (2-methyl-3a,9b-dihydro-4H-chromeno[4,3-d]oxazol- 
4-yl)-methanol, 179.6. 2-methyl-3a,9b-dihydro-4H-chroniaio[4,3-d]oxazole-4-carbaldehyde, 
5 179.7, and 2-methyl-3a,9b-dihydro-4H-chromeno[4.3-d]oxazole-4-carbo3qr]ic add, 179.8, 
which are used in the preparation of the phosphonates 33.1. In this procedure, (2H-chromen- 
2-yl)-methanol 179.1, prepared as described in J. Chem. Soc, (D), 344, 1973. is convCTted, as 
described above, (Scheme l)into the tert. butyldimethylsilyl ether 179.2. The product is then 
reacted, as described in J. Het. Chem., 1975, 12. 1179, with silver cyanate and iodine in ether, 
> so as to afford the addition product 1793. This compound is then heated on methanol to yield 
the carbamate derivative 179.4. The latter compound is heated in ^lene at reflux, as 
described in J. Het. Chem.. 1975. 12, 1179, to produce the oxazoline derivative 179.5. The 
silyl group is then removed by reaction with tetrabutylammonium fluoride in tetrahydrofiiran 
to yield the carbinol 179.6. The carbinol is oxidized to produce the aldehyde 179.7. The 
convtasion of alcohols to aldehydes is described, for exanple. in Comprehensive Organic 
Transformations, by R. C. Larock, VCH, 1989, p. 604ff. The alcohol is reacted with an 
oxidizing agent such as pyridinium chlorochromate, silver carbonate, din»thyl sulfoxide/acetic 
anlqrdride or dimetltyl sulfoxide-dicyclohexyl carbodiimide. The reaction is conducted in an 
inert aprotic solvent such as dichloromethane or toluene. The aldehyde 179.7 is oxidized to 
the carboxylic add 179.8. The oxidation of aldehydes to carbo^qrlic acids is described in 
Comprrfiaisive Organic Transformations, by R. C. Larock. VCH, 1989. p. 838ff. The 
converaon is effected by treatment with oxidizing agents such as potassium permanganate. 



-583- 



wo 03/090690 



PCT/US03/12901 



ruthenium tetroxide, chromium trioxide in acetic acid, or, preferabfy, by the use of sih^er 
oxide, as described in J, Am. Chem. Soc, 73, 2590, 1951. 

Scheme 180 iDustrates the preparation of chroman derivatives in which the phosphonate group 
is attached by means of an aminoaDcyl chain. In this procedure, the aldehyde 179.7 is reacted, 
nndcr reductive amination conditions, as described in Scheme 175. with a dialkyl aminoaikyl 
phosphonate 180.1, to give the amine 180.2. The oxazoline group is then hydrolyzed, for 
example by reaction with aqueous potassium hydroxide, as described in J. Het Chem., 1975, 
12, 1179, to yield the hydroxyamine 1803. 

For example, the aldehyde 179.7 is reacted in ethanol with a dialkyl aminomethyl phosphonate 
180.4, (Inttajchim) and sodium triacetoxyborohydride, to produce the amine 180.5. The 
oxazoline is then hydrolyzed, as described above, to afford the hydroxyamine 180.6. 
Using the above procedures, but en5)loying. in place of the aminomethyl phosphonate 180.4. 
different phosphonates 180.1, the corresponding products 180.3 are obtaioed. 



Scheme 181 illustrates the preparation of chroman derivatives in which the phosphonate group 
is attached by means of an amide group. In this procedure, the carboxylic acid 179.8 is 
coupled, as described in Scheme 1. with a dialkyl aminoalkyl phosphonate 180.1, to produce 
the amide 181.1. Hydrolysis of the oxazoline group, as described above, then yields the 
hydroxyamine 181.2. 

For example, the caiboxyKc add 179.8 is coupled with a dialkyl aminopropyl phosphonate 
1813. (Acros) to afford the amide 181.4, which is then hydrolyzed to give the hydroxyamine 
181.5. 

Using the above procedures, but employing, in place of the aminopropyl phosphonate 1813, 
different phosphonates 180.1, the conesponding products 181.2 are obtained. 

Scheme 181a illustrates the preparation of chroman derivatives in which the phosphonate 
group is attached by means of a thioalkyl group. In this procedure, the carbinol 179.6 is 
converted into the hromo derivative 181a.l. The conversion of afcohols into bromides is 
described, for example, in Comprehensive Organic Transformations, by R. C. Larock. VCH, 
1989. p. 356ff. For example, the alcohol is reacted with triphenyl phosphme and carbon 
tetrahromide. trimethylsifyl bromide, thionyl bromide and the like. The bromo compound is 
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then reacted with a dialkyl thioallqrl phosphonate 181aL2 to effect displacement of the hromide 
and formation of the thioether 181a3. The reaction is perfom^ in a polar organic solvent 
such as ethanol in the presence of a base such as potassium carbonate. Removal of the 
isoxazoline group then produces the hydroxyamme 181a.4. 
5 For example, the bromo compound 181a.l is reacted in ethanol with a dialkyl thioethyl 
phosphonate 181a.5, prepared as described in Zh. Obschei KhinL, 1973, 43, 2364, and 
potassium carbonate, to yield the thioether product 181a.6. Hydrofysis, as described above, 
then affords the hydroxyamine 181a.7. 

Using the above procedures, but en[5>loying, in place of the thioethyl phosphonate ISlaJ, 
10 different phosphonates 181a*2, the corresponding products 181a.4 are obtained. 
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Scheme 176 
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Scheme 179 
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Scheme 181 
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Schemes 182 - 185 illustrate the preparation of phosphonate-containing phenylalanine 
derivatives 37.1 which are en^loyed m the preparation of the intermediate phosphonate esters 
10 and 19. 

Scheme 182 illustrates the preparation of phenylalanine derivatives incorporating phosphonate 
moieties attached to the phenyl ring by means of a hetaroatom and an alkylene chain. The 
con5)ounds are obtained by means of alkylation or condensation reactions of hydroxy or 
mercapto-substituted phenylalanine derivatives 182.1. 

In this procedure, a hydroxy or n^rcapto-substituted phenylalamne is converted into the 
benzyl ester 182.2. The conversion of carboxyhc acids into esters is described for examole in 
CoHqirehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 966. The 
conversion is effected by means of an acid-catatyzed reaction between the carboxyBc add and 
benzyl alcohol, or by means of a base-catatyzed reaction between the caiboxylic add and a 
benzyl balide, for exan^le benzyl chloride. The hydroxy! or mfacapto substituent present in 
the benzyl ester 182^ is then protected. Protection methods for phenols and thiols are 
described respectively, for exan?)le, in Protective Groups in Organic Synthesis, by T.W. 
Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 10, p. 277. For exanqjle. suitable 
protecting groups for phenols and tMophenok include tert-butyldimethylsilyl or tert- 
butyld^henylsilyL Thiophenols are also protected as S-adamantyl groups, as described in 
Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second 
Edition 1990, p. 289. "ITie protected hydroxy- or mercapto ester 182 J is then converted into 
the BOC derivative 182.4. The protecting group present on the O or S substituent is then 
removed. Removal of O or S protecting groups is desdibed in Protective Groups in Organic 
Synthesis, by T.W. Greene and P.GJvl Wuts, Wiley, Second Edition 1990, p. 10, p. 277. For 
example, silyl protecting groups are removed by treatment with tetrabutylammonium fluoride, 
in a solvent such as tetrahydrofiiran at ambient ten5)erature, as desaibed in J. Am. Chem. 
See, 94, 6190, 1972. S-Adamantyl groups are removed by treatment with nmcuric 
trifluoroacetate in acetic acid, as described in Chem. Phann. BuE, 26, 1576, 1978. 
The resultant phenol or thiophenol 182.5 is then reacted under various conditions to provide 
protected phenylalanine derivatives 182.9, 182.10 or 182.11, incorporating phosphonate 
moieties attached by means of a heteroatom and an alkylene chain. 
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In this step, the phenol or thiophenol 182^ is reacted with a dialkyl bromoaUcy] phosphonate 
182.6 to afford the ether or thioether product 182.9. The alkylation reaction is effected in the 
presence of an organic or inorganic base, such as, for example, diazahicyclononene, cesium 
carbonate or potassium carbonate. The reaction is performed at from ambient temperature to 
ca. 80°C, in a polar organic solvent such as dimethylformamide or acetonitrile, to afford the 
ether or thioether product 182.9. Deprotection of the benzyl ester group, for example by 
means of catalytic hydrogenation over a palladium catalyst, then yields the carboxylic add 
182.12. The benzj^ esters 182.10 and 182.11, the preparation of which is described above, 
are similarly deprotected to produce the correq)onding carboxylic acids. 
For example, as fflustrated in Scheme 182, Exanqple 1, a hydroxy-substituted phenylalanine 
derivative such as tyrosine, 182.13 is converted, as described above, into the benzyl ester 
182.14. The latter congwimd is then reacted with one molar equivalent of chloro tert- 
butyldimethylsilane, in the presence of a base such as imidazole, as described in J. Am. Chem. 
Soc, 94, 6190, 1972, to afford the silyl ether 182.15. This compound is then converted, as 
described above, into the BOC derivative 182.16. The silyl protecting group is removed by 
treatment of the silyl ether 182.16 with a tetrahydrofiffan sohition of tetrabutylammonium 
fluoride at ambient temperature, as described in J. Am. Chem. Soc., 94, 6190, 1972, to afford 
the phMiol 182.17. The latter con^wund is then reacted in dimethylfonnamide at ca. 60°C, 
with one molar equivalent of a dialkyl 3-bromopropyl phosphonate 182.18 (Aldrich), in the 
presence of cesium carbonate, to afford the alkylated product 182.19. Debenzylation then 
produces the carboxylic acid 182J20. 

Using the above procedures, but employing, in place of the hydroxy-substituted phraiylalanine 
derivative 182.13, different Iqrdroxy or tiiio-substituted phenylalanine derivatives 182.1, and/or 
different hromoalkjd phosphonates 182.6, the corresponding ether or thioether products 
182.12 are obtained. 

Alternatively, the hydroxy or mercapto-substituted phenjdalanine derivative 182.5 is reacted 
wifli a dialkyl hydrojqmetiiyl phosphonate 182.7 under the. conditions of the Mitsonobu 
reaction, to afford tiie eflier or thioether compounds 182.10. The preparation of aromatic 
ethCTS and thbethers by means of tine Mitsonobu reaction is described, for example, in 
Comprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 448, and in 
Advanced Organic Chemistry, Part B, by F.A. Carey and R. J. Sundberg, Plenum, 2001. p. 
153-4. The phenol or thiophenol and the alcohol conq^nent are reacted togetiier in an aprotic 
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solvent such as, for example, tetrahydrofuran, in the presence of a dialkyl azodicarboxylate 
and a triarylphosphme, to afford the ether or thioether products 182.10. 
For example, as shown in Scheme 182. Example 2. S-mercaptophenylalanine 182.21, prepared 
as described in WO 0036136. is converted, as described above, into the benz^ ester 182J12. 
The resultant ester is then reacted in tetrahydro&ran sohition with one molar equivalent of 4- 
methoxybenzyl chloride in the presence of ammonium hydroxide, as described in BuH Chem. 
Soc. Jpn., 37, 433, 1974, to afford the 4-medioxybenzyl thioether 182.23. This compound is 
then converted into the BOC-protected derivative 182.24. The 4-methoxyben2yl group is then 
removed by the reaction of the thioether 182.24 with mercuric trifluoroacetate and anisole in 
trifluoroacetic add, as described in J.Org. Chem., 52, 4420, 1987. to afford the thiol 182.25. 
The latter compound is reacted, under the conditions of the Mitsonobu reaction, with a dialkyl 
hydroxymethyl phosphonate 182.7, diethybzodicaiboxylate and triphenylphosphine, for 
example as described in Synthesis, 4, 327, 1998, to yield the thioether product 182.26. The 
benzyl ester protecting group is then removed to afford the carboxylic add 182.27. 
Using the above procedures, but en^)loying, in place of the mercapto-substituted 
phenylalanine derivative 182.21. different hydroxy or mercapto-substituted phenylalanines 
182.1, and/or different dialkyl hydroxymethyl phosphonates 182.7, the corresponding products 
182.10 are obtained. 

Alternatively, the hydroxy or mercapto-substituted protected phenylalanine derivative 182.5 is 
reacted with an activated derivative of a dialkyl hydroxymethylphosphonate 182.8 in which Lv 
is a leaving group. The components are reacted together in a polar aprotic solvent such as, for 
example, dimethylformamide or dioxan, in the presence of an organic or inorgamc base such as 
triethylamine or cesium carbonate, to afford the ether or thioether products 182.11. 
For example, as illustrated in Scheme 182, Example 3, 3-hydroxyphenyialanine 182.28 (Fhika) 
is converted, using the procedures described above, into the protected compound 182.29. The 
lattK con5)ound is reacted, in dimethylformamide at ca. 50'C. in the presence of potassium 
carbonate, with diethyl trifluoromethanesulfonyloxymethylphosphonate 18230, prepared as 
described in Tet Lett., 1986, 27, 1477, to afford the ether product 18231. Debenzylation then 
produces the carboxylic add 18232. 

Using the above procedures, but employing, in place of the hydroxy-substituted phenylalanine 
derivative 182.28. different hydroxy or mercapto-substituted phenylalanines 182.1. and/or 
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different dialkyl trifluoromethanesulfoiiyloxyinethylphosphonates 182.8, the coiresponding 
products 182.11 are obtained. 
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Scheme 183 iDustrates the preparation of phenylalanine derivatives incorporating phosphonate 
moieties attached to the phenyl ring by means of an alkylene cham incorporating a nitrogen 
atom. The compounds are obtained by means of a reductive alkylation reaction between a 
fonnyl-subsUtuted protected phenylalanine derivative 1833 and a dialkyl 
anrinoalkylphosphonate 183.4. 

In this procedure, a hydroxymethyl-substituted phenylalanine 183.1 is converted, as described 
above, into the BOC protected benzyl ester 183.2. The latter con^und is then oxidized to 
afford the corresponding aldehyde 1833. The conversion of alcohols to aldehydes is 
described, for example, in Comprehensive Organic Transformations, by R. C. Larock, VCH, 
1989, p. 604ff. Typically, the alcohol is reacted with an oxidizing agent such as pyridinium 
chlorochromate, sflver carbonate, or dimethyl sulfoxide/acetic anhydride, to afford the 
aldehyde product 1833. For example, the carbinol 183.2 is reacted with phosgene, dimethyl 
sulfoxide and triethylamme, as described in J. Org. Chem.. 43, 2480. 1978, to yield the 
aldehyde 1833. This conqwund is reacted with a dialkyl aminoalky^phosphonate 183.4 in the 

presence ofa suitable reducing agent to afford the amine product 183.5. The preparation of 
amines by means of reductive amination procedures is described, for example, in 
Comprehenshre Organic Transformations, by R. C. Larock, VCH, p. 421. and in Advanced 
Organic Chemistry. Part B. by F.A Carey and R. J. Sundberg, Plenum. 2001, p. 269. In this 
procedure, the amine component and the aldehyde or ketone component are reacted together 
in the presence ofa reducing agent such as, for example, borane. sodium cyanoborohydride, 
sodium triacetoxyborohydride or diisobutylahiminmn hydride, optional^ in the presence of 1 
Lewis add. such as titanium tetraisopropoxide, as described in J. Org. Chem., 55, 2552, 1990. 
The benzyl protecting group is then removed to prepare the carboxylic acid 183.6. 
For example, 3-(hydroxymethyl)-phenylalanine 183.7, prepared as described m Acta Chem. 
Scand. Ser. B, 1977, B31, 109, is converted, as described above, into the formylated 
derivatbe 183.8. This conqwund is then reacted with a dialkyl aminoethylphosphonate 183i>, 
prepared as described in J. Org. Chem.. 200, 65, 676, in the presence of sodium 
cyanoborohydride, to produce the alkylated product 183.10, which is then deprotected to give 
the carboxylic acid 183.11. 
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Using the above procedures, but employing, in place of 3-(hydroxyinethyl)-phenylaIanine 
183.7, differait hydroxymethyl phenylalanines 183.1, and/or different aminoalkyl 
phosphonates 183.4, the corresponding products 183.6 are obtained 

Scheme 184 depicts the preparation of phenylalanine derivatives in which a phosphonate 
moiety is attached dkectly to the phenyl ring. In this procedure, a hromo-substituted 
phenylalanine 184.1 is converted, as described above, (Scheme 182) into the protected 
derivative 184.2. The product is then coupled, in the presence of a pa]ladium(0) catalyst, with 
a dialkyl phosphite 1843 to produce the phosphonate ester 184.4. The preparation of 
arylphosphonates by means of a coupling reaction between aiyl bromides and dialkyl 
phosphites is described in J. Med. Ghent, 35, 1371, 1992. The product is then deprotected to 
afford the carboxylic acid 184.5. 

For example, 3-bromophenylalanine 184.6, prepared as described m Pept. Res., 1990, 3, 176, 
is converted, as described above, (Scheme 182) into the protected con^und 184.7. This 
compound is then reacted, in toluene sohitioh at reflux, with diethyl phosphite 184.8, 
triethylamine and tetrakis(triphenylphosphine)pafladium(0), as described in J. Med. Chenx, 35, 
1371, 1992, to afford the phosphonate product 184,9. Debenzylation then yields the 
carboxylic acid 184.10. 

Using the above procedures, but employing, in place of 3-hromophenylalanine 184.6, different 
bromophenylalanines 184.1, and/or different dialkylphosphites 184.3, the corresponding 
products 184.5 are obtamed. 

Scheme 185 depicts the preparation of the aminoadd derivative 37.1 which is employed in the 
preparation of the phosphonate esters 10 and 19. In this procedure, the BOC-protected 
phenylalanine derivatives 185.1, in which the substituent A is the group link-P(0)(0R')2 or a 
precursor group, the preparation of which is described to Schemes 182 - 184, is converted 
into the esters or amides 185.2 in which R' is morpholmo or alkoxy. The transformation is 
accomphshed by coupKng the acid, as described in Scheme 1, with morphoHne or an aDcanol m 
the presence of a carbodimiide. The product 185.2 is then deprotected to afford the free 
amme 185 A for example as described to Scheme 3. The amme 185.3 is then coupled, as 
described to Scheme 1, with the amtooacid 174.6, to give the amide 185.4. The BOC group is 
thM removed, as described to Scheme 49, to produce the amme 37.1. 
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Preparation of the dimethoxyphenylpropionic esters 21.1 incoiporating phosphonate groups. " 

Scheme 186 illustrates the preparation of the dimetho3q?pheny%)ropionic acid derivatives 21.1 
wMch are en5>loyed in the preparation of the phosphonate esters 6. In this procedure, the 
dnnethoxybenzyl alcohol d^ivative 186.1, in which the substituent A is the group link- 
P(0)(0R')2 or a precursor group, the preparation of wMch is described in Schemes 165 - 168, 
is converted into the corresponding aldehyde 186.2. The oxidation is effected as described bk 
Scheme 175. The aldehyde is then subjected to a Wittig reaction with methyl 
triphenylphosphoranyUdeneacetate 138.2, as described in Scheme 138, to generate the 
cinnamic ester derivative 186.3. The double bond is then reduced, as described in Scheme 
138, to afford the phenylpropionic estca: 21.1. Altemativefy, the dimethoxybenzyl bromide 
derivative 186.4, the preparation of which is described in Scheme 169, is reacted, as described 
in Scheme 138, with dnnethyl malonate 186.5 to yield the malonic ester derivative 186.6, 
which is then transformed, as described in Scheme 138, into the ester 21.1. 

Preparation of the phosphonate-containing benzyl iodides 58.1 and benzylcarbamates 
1253. 

Schemes 187 - 191 illustrate methods for the preparation of the benzyl iodide derivatives 58.1 
which are employed in the synthesis of the phosphonate esters 14, and of the benzyl 
carbamates 1253 which are enployed in the preparation of the phosphonate esters 22. 

Scheme 187 illustrates the preparation of benzaldehyde phosphonates 1873 in which the 
phosphonate group is attached by means of an alkylene chain incorporation a nitrogen atom 
In this procedure, a benzene dialdehyde 187.1 is reacted with one molar equivalent of a dialkyl 
aminoalkyl phosphonate 187.2, under reductive amination conditions, as describe above in 
Scheme 135, to yield the phosphonate product 187.3. 

For exan5)le, benzene-l,3-dialdel^de 187.4 is reacted with a dialkyl aminopropyl phosphonate 
187.5, (Acros) and sodium triacetoxyborohydride, to afford the product 187.6. 
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Using the above procedures, but eirploying, in place of ben2ene-l,3-dicarboxaMehyde 187.4, 
Sfiferent benzene dialdehydes 187.1. and/or different phosphonates 187J2. the corresponding 
I^oducts 187.3 are obtained. 

Scheme 188 illustrates the preparation of benzaldehyde phosphonates either directly attached 
to the benzene ring or attached by means of a saturated or unsaturated carbon chain, lii this 
Focedure. a bromobenzaldehyde 188.1 is coupled, under palladium catalysis as described m 
Scheme 150. with a dialkyl alkenylphosphonate 188.2, to afford the alkenyl phosphonate 
1883. Optionally, the product is reduced, as described in Scheme 150, to afford the saturated 
phosphonate ester 188.4. Alttamatively, the bromobenzaldehyde is coupled, as described in 
Scheme 144. with a dialkyl phosphite 188.5 to afford the fonnylpheny^)hosphonate 188.6. 
For example, as shown in Example 1, 3-hromobenzaldehyde 188.7 is coupled with a dialkyl 
propenylphosphonate 188.8 (Aldrich) to afford the propenyl product 188.9. Optionally, the 
product is reduced, as described in Scheme 150. to yield the propyl phosphonate 188.10. 
Using the above procedures, but employing, in place of 3-bromobenzaldehyde 188.7, di^nt 
hromobenzaldehydes 188.1, and/or different alkenyl phos?>honates 188.2, the corresponding 
products 1883 and 188.4 are obtained. 

Alternatively, as shown in Example 2, 4-hromobenzalddiyde 188.11 is coupled, as described 
in Scheme 144. with a dialkyl phosphite 188.5 to afford the 4-formy%)henyl phosphonate 
product 188.12. 

Using the above procedures, but employing, in place of 4-bromobenzaIdehyde 188.11, 
different hromobenzaldehydes 188.1, the corresponding products 188.6 are obtained. 

Scheme 189 illustrates the prq)aration of fonny^phenyl phosphonates in which the 
phosphonate moiety is attached by means of alkylene chains incorporating two heteroatoms O, 
S or N. In this procedure, a formyl phenoxy, phenylthio or phenylamino alkanol, alkanethiol 
or alkylamine 189.1 is reacted with a an equimolar amount of a dialkyl haloalkyl pho^honate 
189.2. to afford the phenoxy. phenylthio or phenylamino phosphonate product 1893. The 
alkylation reaction is effected in a polar organic solvent such as dimethylfoimamide or 
acetonitrile. in the presence of a base. The base employed depends on the nature of the 
nucleophfle 189.1. In cases in which Y is O. a strong base such as sodhim hydride or lithhim 
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hexamethyWisilazide is employed. In cases in which Y is S or N, a base such as cesium 
carbonate or dimethylaminopyndine is eanployed. 

For example, 2-(4-fonnylphenyltMo)ethanol 189.4, prepared as described in Macromolecules, 
1991, 24, 1710, is reacted in acetonitiile at 60°C with one molar equivalent of a dialkyi 
iodomethyl phosphonate 189.5, (Lancaster) to give the ether product 189.6. 
Using the above procedures, but employing, in place of the caibinol 189.4, different carbinols, 
thiols or amines 189.1, and/or different haloalkyl phosphonates 189.2, the conesponding 
products 1893 are obtained. 



10 Scheme 190 iDustrates the preparation of formylphenyl phosphonates in which the 

phosphonate group is linked to the benzene ring by means of an aromatic or heteroaromatic 
ring. In this procedure, a formylbenzeneboronic acid 190.1 is coupled, in the presence of a 
paDadiom catalyst, with one molar equivalent of a dibromoarene, 190.2. in which the group Ar 
is an aromatic or heteroaromatic group. The coupling of aiyl boronates with aiyl bromides to 
1 5 afford diaryl compounds is described in Palladium Reagents and Catalysts, by J. Tsuji, Wiley 
1995, p. 218. The components are reacted in a polar solvoit such as dimethylformamide m 
the presence of a pal]adium(0) catalyst and sodium bicarbonate. The product 190.3 is then 
coupled, as described above (Scheme 144) with a dialkyi phosphite 190.4 to afford the 
phosphonate 190.5. 

For example, 4-foimyIbenzeneboronic acid 190.6 is coupled with 2.5-dihromothiophene 190.7 
to yield the phenylthiophene product 190.8. This compound is then coupled with the dialkyi 
pho^hite 190.4 to afford the thienyl phosphonate 190.9. 

Using the above procedures, but employing, in place of dihromothiophene 190.7, different 
dihfomoarenes 190.2, and/or different formy]^henyl boronates 190.1, the corresponding 
products 15Ki.5 are obtained. 

Scheme 191 illustrates the preparation of the benzyl carbamates 1253 and the benzyl iodides 
58.1. whKh are employed respectively in the preparation of the phosphonate estere 22 and 4. 
In this procedure, the substituted benzaldehydes 191.1, prepared as shown in Schemes 187 - 
190, are converted into the corresponding benzyl alcohols 191.2. The reduction of aldehydes 
to afford akM>hols is described in Comprehensive Organic Transformations, by R. C. Larock, 
VCH, 1989, p. 527ff. The transformation is effected by the use of reducing agents such as 
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sodium borohydride, Bthium ahrarinum tri-tertiarybutoxy hydride, diisobutyl ahiminnrr^ hydride 
and the like. The resultant benzyl alcohol is then reacted with the anrinoester 1913 to afford 
the carbamate 191.4. The reaction is performed under the conditions described below. 
Scheme 198. For exan5)le, the benzyl alcohol is reacted with carbonyldiimidazole to produce 
an intermediate benzyloxycarbonyl imidazole, and the intermediate is reacted with the 
aminoester 1913 to afford the cart>amate 191.4. The methyl ester is then hydrolyzed, as 
described in Scheme 3, to yield the carboxylic acid 1253. Alternatively, the benzyl alcohol 
191:2 is converted, using the procedures of Scheme 169, into the iodide 58.1. 
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Scheme 182 
Method 
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Example 3 
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Scheme 187 
Method 
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Scheme 188 
Method 




CHO 
188.1 



Br CH2=CH(CH2)nP(0)(OR^)2 



188^ 





(CH2W2P(0)(OR^)2 



CH= CH(CH2)nP(0 )(OR^)2 CHO 

188.4 

CHO 

188.3 




HP(0)(0R^)2 
188.5 



P(0)(0R1)2 



CHO 
188.6 
Example 1 

Br ^ ■,^^5s^CH=CHCH2P(0)(OR^)2 
I :| CH 2=CHCH2Pj O)(OR^)2 fY ^ ^^(CH2)3P(0){0R1)2 

CHO 

188.9 CHO 

188.10 




CHO 

188.7 
Example 2 

Br 





HP(0)(0R^)2 



P(0)(0Ri)2 



188.5 



CHO 
188.11 

Scheme 189 
Method 





X(CH2)mYH 

Ha{CH2)nP(0)(ORl)2 



CHO 
X.Y=0, S, NH 

189.1 
Example 



189.2 



X(CH2)mY(CH2)nP(0)(ORl)2 



CHO 



189.3 




ICH2P(0)(OR^)2 



189.5 




2-OR^ 
•^"OR^ 



CHO 
189.4 



CHO 
189.6 

-603 



wo 03/090690 PCT/US03/1 2901 





Scheme 190 
Method 
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58.1 

5 Preparation of phosphonate-substituted decahydroqiiinolmes 17.1. 

Schemes 192 — 97 illustrate the preparation of decahydroisoquinoline derivatives 17.1 in which 
the substituent A is either the group linV P(0)(0R^)2 or a precursor, such as [OH], [SH], Br. 
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The conqjounds are eiiq)loyed in the preparation of the intermediate phosphonate esters 5, 12 
and 21. 

Scheme 192 iDustrates methods for the synthesis of intermediates for the preparation of 
5 decahydroquinolines with phosphonate moieties at the 6-position. Two niethods for the 
preparation of the benzenoid intermediate 192.4 are shown. 

In the first route, 2-hydroxy-6-methylphenylalanine 192.1, the preparation of which is 
described in J. Med. Chem., 1969, 12, 1028, is converted into the protected d^vative 192.2. 
For example, the carboxyKc add is first transformed into the bens^l ester, and the product is 

10 reacted with acetic anhydride in the pres^ce of an organic base such as, for exan5)le, pyridine, 
to afford the product 192.2, m which R is benzyl This compound is reacted with a 
brominating agent, for exaii:q)le N-bromosuccinimide, to effect benzylic bromination and yield 
the product 1923. The reaction is conducted in an aprotic solvent such as, for example, ethyl 
acetate or carbon tetrachloride, at reflux. The brominated confound 192.3 is then treated 

15 with acid, for exan5)Ie dilute hydrochloric acid, to effect hydrolysis and cyclization to afford 
the tetrahydroisoquinoline 192.4, in which R is benzyl 

Altemativefy, the tetrahydroisoquinoline 192.4 is obtained fix)m 2-hydroxyphenylalanine 
192.5, the preparation of which is described in Can. J. BiocL, 1971, 49, 877. This compound 
is subjected to the conditions of the Kctet-Spengler reaction, for example as described in 

20 Chem. Rev., 1995, 95, 1797. 

Typically, the substrate 192.5 is reacted with aqueous formaldehyde, or an equivalent such as 
paraformaldehyde or dimethoxymethane, in the presence of hydrochloric acid, for exan5>le as 
described in J. Med. Chem., 1986, 29, 784, to afford the tetrahydroisoquinoline product 
192.4, in which R is H. Catalytic hydrogenation of the latta: compound, using, for exanq)le, a 

25 platinum catalyst, as described in J. Am. Chem. Soc, 69, 1250, 1947, or using rhodium on 
alumina as catalyst, as described in J. Med. Chem., 1995, 38, 4446, then gives the hydro^q^- 
substituted decahydroisoquinoline 192.6. The reduction is also performed electrochemically, 
as described in Trans SAEST 1984, 19, 189. 

For exanQ>le, the tetrahydroisoquinoline 192.4 is subjected to hydrogenation in an alcoholic 
30 solvent, in the presence of a dilute nuneral add such as hydrochloric acid, and 5% rhodium on 
alumina as catalyst. The hydrogenation pressure is ca. 750 psi, and the reaction is conducted 
at ca SO^'C, to afford the decahydroisoquinoline 192.6. 
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Protection of the carboxyl and NH groups present in 192.6. for example by conversion of the 
carboxyfic add into the trichloroethyl ester, as described in Protective Groups in Organic 
Synthesis, by T. W. Greene and P.G.M. Wuts, Wiley, 1991, p. 240, and conversion of the NH 
into the N-chz group, as described above, followed by oxidation, using, for example, 
5 pyridinium cUorochromate and the like, as described in Reagents for Organic Synthesis, by L. 
F. Reser and M. Fieser. Volume 6, p. 498, affords the protected ketone 192.9, in which R is 
trichloroethyl and R' is cbz. Reduction of the ketone, for example by the use of sodhim 
borohydride, as described in J. Am. Oiem. Soc., 88, 281 1, 1966, or lithium tri-tertiaiy butoxy 
aluminum hydride, as described in J. Am. Chem. Soc.. 80, 5372, 1958. then affords the alcohol 
10 192.10. 

For example, the ketone is reduced by treatment with sodium borohydride in an alcoholk; 
so^OTt such as isopropanol, at ambient ten^rature, to afford the alcohol 192.10. 
The afcohol 192.6 is converted into the thiol 192.13 and the amine 192.14. by means of 
displacement reactions with suitable nucleophiles. with inversion of stereochemistry. 
For exan9)le, the alcohol 192.6 is converted into an activated ester such as the 
trifluoromethanesulfonyloxy ester or the methanesulfonate ester 192.7, by treatment with 
methanesulfonyl chloride and a base. The mesylate 192.7 is then treated with a sulfur 
nucleophile, for exaropie potassium thioacetate, as described in TeL Lett., 1992, 4099, or 
sodium tMophosphate, as described in Acta Chem. Scand., 1960, 1980, to effect displacement 
of the mesylate, foDowed by mfld basic hydrolysis, for exanple by treatinent with aqueous 
ammonia, to afford the thiol 192.13. 

For example, the mesylate 192.7 is reacted with one molar equivalent of sodium thioacetate in 
a polar ^tic soNent such as. for example, dimethylfoimamide. at ambient temperature, to 
afford ihe thioacetate 192.U, in which R is COCH3. The product then treated with a miM 
hast such as, for example, aqueous ammonia, in the presence of an organic co-sohrent such as 
ethanol. at ambient tempo-ature, to afford the thiol 192.13. 

The mesylate 192.7 is treated with a nitrogen nucleophile, for example sodhim phthaBmide or 
sodium bis(trimethylsilyl)aniide, as described in Comprehensive Organic Transformations, by 
R. C. Larock. p. 399. followed by dqjrotection as described previously, to afford the amine 
30 192.14. 

For example, the mesylate 192.7 is reacted, as described in Angew. Chem. Int. Ed.. 7, 919, 
1968, with one molar equwalent of potassium phthalimide, in a dipolar aprotic so^ent, such 
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as, for exaiDple, dimethylfonnamide, at ambient temperature, to afford the displacement 
product 192.8, in which NR^ is phthaBnudo. Removal of the phthalimido group, for 
exan;>le by treatment with an alcoholic sohition of hydrazine at ambient ten5)erature, as 
described in J. Org. Chem., 38, 3034, 1973, then yields the amine 192.14. 
The application of the procedures described above for the conversion of the p-carhinol 192.6 
to the a-thiol 192.13 and the a-amine 192.14 can also be applied to the a-cartnnol 192.10, so 
as to afford the P-thiol and p-amine, 192.11. 

Scheme 193 illustrates the preparation of conq)ounds in which the phosphonate moiety is 
attached to the decahydroisoquinoline by means of a heteroatom and a carbon chain. 
Jn this procedmre, an alcohol, thiol or amine 193.1 is reacted with a bromoalkyl phosphonate 
193.2, under the conditions described above for the preparation of the phosphonate 155.4 
(Scheme 155), to afford the displacement product 193.3. Removal of the ester group, 
followed by conversion of the acid to the R'^NH amide and N-dqprotection, as described 
below, (Scheme 197) then yields the anme 193.4. 

For example, the thiol 193.5, in which the carboxylic acid groiq> is protected as the 
trichloroethyl est^, as described in Protective Groups in Organic Synthesis, by T. W. Greene 
and P.G.M. Wuts, Wiley, 1991, p. 240, and the amine is protected as the cbz group, is reacted 
with a dialkyl 3-bromopropyIphosphonate, 193.6, the preparation of which is described in J. 
Am. Chem. Soc, 2000, 122, 1554 to afford the displacement product 193.7. Dq)rotection of 
the ester group, followed by conversion of the acid to the R'^NH amide and N-deprotection, as 
described below, (Scheme 197) then yields the amine 193.8. 

Using the above procedures, but en5)loying, in place of the a-thiol 193.5, the alcohols, thiols 
or amines 192.6, 192.10, 192.11, 192.13, 192.14, of either a- or p-orientation, there are 
obtained the corresponding products 193.4, in whidi the orientation of the side chain is the 
same as that of the O, N or S precursors. 
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Scheme 192 
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Scheme 193 
Method 
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Scheme 194 illustrates the preparation of phosphonates linked to the decahydroisoqainoIin( 
5 moiety by means of a nitrogen atom and a caibon chain. The compounds are prepared by 
means of a reductive amination procedure, for example as described in Comprehensive 
Organic Transformations, by R. C. Larock, p. 421. 
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In this procedure, the amines 192.14 or 192.11 are reacted with a phosphonate aldehyde 
194,1, in the presence of a reducing agent, to afford the alkylated amine 194*2. Deprotection 
of the ester jgroiip, followed by conversion of the acid to the R'^NH amide and N-deprotection, 
as described below, (Scheme 197) then yields the amine 194.3. 
For example, the protected amino compound 192.14 is reacted with a dialkyl 
formylphosphonate 194.4, the preparation of which is described in U.S. Patent 3,784,590, in 
the presence of sodium cyanoborohydride, and a polar organic solvit such as ethanoKc acetic 
arid, as described in Org. Prep. Proc. Int., 11, 201, 1979, to give the amine phosphonate 
194.5. Deprotection of the ester group, followed by conversion of the add to the R'^NH 
amide and N-deprotection, as described in Scheme 1J>7, then yields the amine 194.6. 
Using the above procedures, but employing, instead of the a-amine 192.14, the p isomer, 
192.11 and/or different aldehydes 194.1, there are obtained the corresponding products 194.3, 
in which the orientation of the side chain is the same as that of the amine precursor. 

Scheme 195 depicts the preparation of a decahydroisoquinoline phosphonate in which the 

phosphonate moiety is linked by means of a sulfur atom and a carbon chain. 

In this procedure, a dialkyl mercaptoalkyl phosphonate 195.2 is reacted with a mesylate 195.1, 

to effect displacement of the mesylate group with inversion of stereochemistry, to afford the 

thioether product 195.3. Deprotection of the ester group, followed by conversion of the acid 

to the R'^NH amide and N-deprotection, as described in Scheme 197, then yields the amine 

195.4. 

For exan5)le, the protected mesylate 195.5 is reacted with an equimolar amount of a dialkyl 2- 
mercaptoethyl phoq)honate 195.6, the preparation of which is described in Aust. J. Chan., 43, 
1123, 1990. The reaction is conducted in a polar organic solvent such as ethanol, in the 
presence of a base such as, for example, potasshmi carbonate, at ambient ten5)eratare, to 
afford the thioether phosphonate 195.7. Deprotection of the ester group, followed by 
conversion of the acid to die R'^NH amide and N-deprotection, as described in Scheme 197, 
then yields the amine 195.8 

Using the above procedures, but enploying, instead of the phosphonate 195.6, different 
phosphonates 195.2, there are obtained the corresponding products 195.4. 
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Scheme 196 illustrates the preparation of decahydroisoquinoline phosphonates 196.4 in which 
the phosphonate group is linked by means of an aromatic or heteroaromatic ring. The 
conapounds are prqiared by means of a displacement reaction between hydroxy, thio or amino 
substituted substrates 196.1 and a hromomethyl-substituted arylphosphonate 196.2. The 
reaction is performed in an aprotic solvent in the presence of a base of suitable strength, 
depending on the nature of the reactant 196.1. If X is S or NH, a weak organic or inorganic 
base such as triethylamine or potassium carbonate is en5)loyed. If X is O, a strong base such 
as sodium hydride or lithium hexamethyldisifylazide is en5)loyed. The displacement reaction 
affords the ether, thioether or amine conpounds 1963. Deprotection of the ester groiq>, 
followed by conversion of the add to the R^NH amide and N-deprotection, as described in 
Scheme 197, then yields the amine 196.4. 

For exanq>le, the alcohol 196.5 is reacted at ambient ten5>erature with a dialkyl 3- 
bromomethyl benzylphosphonate 196.6, the preparation of which is described above, (Scheme 
143). The reaction is conducted in a dipolar orotic solvent such as, for example, dioxan or 
dimethylformamide. The solution of the caibinol is treated with one equivalent of a strong 
base, such as, for example, lifliium hexamethyldisifylazide, and to the resultant mixture is 
added one molar equivalent of the bromomethyl phosphonate 196.6, to afford the product 
196.7. Deprotection of die ester group, followed by convasion of the acid to the R'*NH 
amide and N-dq)rotection, as described in Scheme 197, then yields the amme 196.8. 
Using the above procedures, but en5)loying, instead of the p-carbinol 196.5, different 
caibinols, thiols or amines 196.1, of either a- or p-onentation, and/or different phosphonates 
196.2, in place of the phosphonate 196.6, there are obtained the corresponding products 196.4 
in which the orientation of the side-chain is the same as that of the starting matraial 196.1. 

Schemes 193 - 196 illustrate the prq)aration of decahydroisoquinoline esters incorporating a 
phosphonate group linked to the decahydroisoquinoline nucleus. 

Scteme 191 iSustrates the conversion of the latter group of corqpounds 197.1 (in which the 
group A is Hnk-P(0)(0R')2 or optionally protected precursor substituents, such as, for 
exan5)Ie, OH, SH, or NH2 to the corresponding R^ amides 17.1. 
As shown in Scheme 197, the ester compounds 197.1 are deprotected to form the 
corresponding carboxylic acids 197.2. The methods einployed for the deprotection are chosen 
based on the nature of the protecting group R, the nature of the N-protecting group R^, and 
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the nature of the substituent at the 6-positioii. For exaiople, if R is trichloroethyl, the ester 
group is removed by treatment with zinc in acetic acid, as described in J. Am. Chem. Soc, 88, 
852, 1966. Conversion of the caiboxylic acid 197*2 to the R'^NH amide 197.4 is then 
accomplished by reaction, as described in Scheme 1, of the carboxylic acid, or an activated 
5 derivative thereof, with the amine R'*NH2 (197-3) to ajBFord the amide 197.4. Deprotection of 
theNR^ group, as described above, then affords the free anoine 17.1. 

Preparation of carbamates. 

10 The phosphonate esters 13 - 20 in which the R^^ is alkoxy, aad the phosphonate esters 22 
contain a carbamate linkage. The preparation of carbamates is described in Conq>rehensive 
Organic Functional Group Transformations, A. R. Katritzky, ed., Pergamon, 1995, Vol 6, p. 
416ff, and in Organic Functional Group Preparations, by S. R. Sandler and W. Karo, 
Academic Press, 1986, p. 260fiF. 

15 Scheme 198 illustrates various methods by which the carbamate linkage is synthesized. As 
shown in Scheme 198, in the general reaction generating carbamates, a carbinol 198.1, is 
converted into the activated derivative 198.2 in which Lv is a leaving group such as halo, 
imidazolyl, benztriazofyl and the like, as described below. The activated derivative 198.2 is 
then reacted with an amine 198.3, to afford the carbamate product 198.4. Exanq)les 1 ~ 7 in 

20 Schenae 198 depict noiethods by which the general reaction is effected Exaiqples 8-10 
illustrate alternative methods for the preparation of carbamates. 
- Scheme 198, Exanq)Ie 1 illastrates the preparation of carbamates employing a cUoroformyl 
derivative of the carbinol 198.1. In this procedure, the carbinol is reacted with phosgene, in an 
in^ solvent such as toluene, at about 0*C, as described in Org. Syn. ColL VoL 3, 167, 1965, 

25 or with an equivalent reagent such as trichloromethoxy chloroformate, as described in Org. 
Syn. ColL VoL 6, 715, 1988, to afford the chloroformate 198.6. The latter con5)ound is then 
reacted with the anoine component 1983, in the presence of an organic or inorganic base, to 
afford the carbamate 198.7. For example, the chloroformyl conqx)und 198.6 is reacted with 
the amine 1983 in a water-miscible solvent such as tetrahydrofiiran, in the presence of 

30 aqueous sodium hydroxide, as described in Org. Sya Coll. VoL 3, 167, 1965, to yield the 
carbamate 198.7. Alternatively, the reaction is performed in dicUoromethane in the presence 
of an organic base such as diisopropylethylamine or dimethylaminopyridine. 
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Scheme 198, Example 2 depicts the reaction of the chloroformate compound 198.6 with 
imidazole to produce the imidazoHde 198.8. The imddazolide product is then reacted with the 
amine 1983 to yield the carbamate 198,7. The preparation of the imidazolide is performed in 
an aprotic solvent such as dichloron^thane at 0*C, and the preparation of the carbamate is 
conducted in a similar solvent at ambient temperature, optionally in the presence of a base 
such as dimethylaminopyridine, as described in J. Med. Chem.. 1989, 32, 357. 
Scheme 198 Example 3, depicts the reaction of the chloroformate 198.6 with an activated 
hydroxyl confound R"OH, to yield the mixed carbonate ester 198.10. The reaction is 
conducted in an inert organic solvent such as ether or dicbloromethane, in the presence of a 
base such as dicyclohexylamine or triethylanadne. The hydroxyl coinponent R"OH is selected 
from the group of compounds 198.19 - 198.24 shown in Scheme 198, and similar conqxjunds. 
For example, if the conqponent R"OH is hydroxybenztriazole 198.19, N-hydroxysuccinimide 
198.20, or pentachlorophenol, 198.21, the mixed carbonate 198.10 is obtained by the reaction 
of the chloroformate with the hydroxyl compound in an ethereal solvent in the presence of 
dicyclohexylamine, as described in Can. J. Chem., 1982, 60, 976. A similar reaction in which 
the con^jonent R"OH is pentafluorophenol 198.22 or 2-hydroxypyridine 198.23 is performed 
in an ethereal solvent in the presence of triethylamine, as described in Syn., 1986, 303, and 
Chem. Ber. 118, 468, 1985. 

Scheme 198 Example 4 illustrates the preparation of carbamates in which an 
aDcyloxycarbonyKmidazole 198.8 is enqployed. In this procedure, a carbinol 198.5 is reacted 
with an equimolar amount of carbonyl diimidazole 198.11 to prepare the intermediate 198.8. 
The reaction is conducted in an aprotic organic solvent such as dicbloromethane or 
tetrahydrofuran. The acyloxyimidazole 198.8 is then reacted with an equimolar amount of the 
amine R*NH2 to afford the carbamate 198.7. The reaction is performed in an aprotic organic 
solvent such as dicbloromethane, as described m Tet. Lett., 42, 2001, 5227, to afford the 
carbamate 198.7. 

Scheme 198, Exaicple 5 illustrates the preparation of carbamates by means of an intermediate 
alkoxycarbonylbenztriazole 198.13. In this procedure, a carbinol ROH is reacted at arnWent 
temperature with an equimolar amount of benztriazole carbonyl chloride 198.12, to afford the 
alkoxycarbonyl product 198.13. The reaction is performed in an organic solvent such as 
benzene or toluene, in the presence of a tertiary organic amine such as triethylamine, as 
described in Syn., 1977, 704. The product is then reacted with the amine Rlfflz to afford the 
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caxbamate 198.7. The reaction is conducted in toluene or ethanol, at from ambient 
ten5)erature to about SOT as described in Syn., 1977, 704. 

Scheme 198, Example 6 illustrates the preparation of carbaruates in which a carbonate 
(R"0)2CO, 198,14, is reacted with a carbinol 198.5 to afford the intermediate 
aUcylojQrcarbonyl intermediate 198.15. The latter reagent is then reacted with the amine 
KNH2 to afford the carbamate 198.7. The procedure in which the reagent 198.15 is derived 
from hydrojqrbenztriazole 198.19 is described in Synthesis, 1993, 908; the procedure in which 
the reagent 198.15 is derived from N-hydroxysuccinimide 198.20 is described in Tet. Lett., 
1992, 2781; the procedure in which the reagent 198.15 is derived from 2-hydroxypyridine 
198.23 is described in Tet. Lett., 1991, 4251; the procedure in which the reagent 198.15 is 
dwived from 4-nitrophenol 198.24 is described in Syn. 1993, 199. The reaction between 
equimolar amounts of the carbinol ROH and the carbonate 198.14 is conducted in an inert 
organic solvent at ambient temperature. 

Scheme 198, Exan^le 7 illustrates the preparation of carbamates from alkoxycarbonyl azides 
198.16. In this procedure, an alkyl chloroformate 198.6 is reacted with an azide, for example 
sodium azide, to afford the alkoxycarbonyl azide 198.16. The latter compound is then reacted 
with an equnnolar amount of the amine R'NH2 to aflford the carbamate 198.7. The reaction is 
conducted at ambient temperature in a polar aprotic solvent such as dimethylsulfoxide, for 
cxmnplo as described in Syn., 1982, 404. 

Scheme 198, Exsmaplc 8 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and the chlorofonnyl derivative of an amine 198.17. In this 
procedure, which is described in Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook. 
Wiley, 1953, p. 647, the reactants are combined at anobient tei^perature in an ^otic solvent 
such as acetonitrile, in the presence of a base such as triethylamine, to afford the carbamate 
198.7. 

Scheme 198, Exan5)le 9 illustrates the preparation of carbamates by nxans of the reaction 
between a carbinol ROH and an isocyanate 198.18. In tiiis procedure, which is described ia 
Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook, Wiley, 1953, p. 645, the reactants 
are combined at ambient tencperature in an aprotic solvent such as ether or dichloromethane 
and the Hke, to afford the carbamate 198.7. 

Scheme 198, Exanq)le 10 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and an amine RNHa. In this procedure, which is described in Chem. 
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Lett 1972, 373, the reactants are combk^ at ambient tenq)eratiire in an orotic organic 
solvent such as tetrahydrofiiran, in the presence of a tertiary base such as triethylanrine, and 
selenium. Carbon monoxide is passed through the solution and the reaction proceeds to afford 
the carbamate 198.7. 

Scheme 1 95 

Method ^ S"^^"2)nP{0)(0R^)a 




H HS(CH2)nP(0)(OR^)2 

^ 195-3 H 

195.1 195.2 ^gg^ 

Example ^ 

O 5'^P{0)(OR^)2 

cbz " r4 11 H ? 

" HS(CH2)2P(0)(OR^)2 195 7 N T^^i^ 

195.5 195.6 " HN^j^ 

= protecting group H 

195.8 



-615- 



wo 03/090690 



PCT/US03/12901 



Scheme 196 
Method 
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Scheme 198 
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Intm^nveraoDS of the phosphonates R-link-P(0)(OR% R-Iink-P(0)(OR^)(OH) and R- 
link.P(0)(0H)2. 

Schemes 1 - 197 described the preparations of phosphonate esters of the general structure R- 
liDk~P(0)(0R^)2> in which the groups R\ the structures of which are defined in Chart 1, may 
5 be the sanie or di£ferent. The R^ groups attached to the phosphonate esters 1 - 24» or to 
precursors thereto, may be changed using established chemical transformations. The 
interconversions reactions of phosphonates are illustrated in Scheme 199. The group R in 
Scheme 199 represents the substructure to which the substituent Iink-P(0)(0R^)2 is attached, 
eith^ in the con^unds 1 - 24 or in precursors thereto. The R^ group may be changed, using 
10 the procedures described below, either in the precursor compounds, or in the esters 1 - 24. 
The methods employed for a given phosphonate transformation depend on the nature of the 
substituent R^ The preparation and hydrolysis of phosphonate esters is described in Organic 
Phosphorus Compounds, G. M. Kosolapoff, L. Maeir» eds, Wiley, 1976, p. 9fF. 

The conversion of a phosphonate diester 199.1 into the corresponding phosphonate monoester 

IS 199.2 (Scheme 199, Reaction 1) is accojxq>lished by a nmnber of methods. For exan^le, the 
ester 199.1 in which R^ is an aralkyl group such as benzyl, is converted into the monoest^ 
coiopound 199.2 by reaction with a tertiary organic base such as diazabicyclooctane 
(DABCO) or quinuchdine, as described in J. Org. Ghent, 1995, 60, 2946. The reaction is 
performed in an inert hydrocarbon solvent such as toluene or xylene, at about 1 lO^'C. The 

20 conversion of the diester 199*1 in which R^ is an aryl group such as phenyl, or an alkenyl 

group such as alfyl, into the monoester 199.2 is effected by treatment of the ester 199.1 with a 
base such as aqueous sodium hydroxide in acetonitrile or lithium hydroxide in aqueous 
tetrahydrofiiran. Phosphonate diesters 199.1 in which one of the groups R^ is aralkyl, such as 
benzyl, and the other is alkyl, are converted into the monoesters 199.2 ia which R^ is alkyl by 

25 hydrogenation, for exaiqple using a palladium on carbon catalyst. Phosphonate diesters in 

which both of the groups R^ are alkenyl, such as allyl, are converted into the monoester 199.2 
in which R^ is alkenyl, by treatment with chlorotris(triphenylphosphine)rhodium (Wilkinson's 
catalyst) in aqueous ethanol at reflux, optional^ in the presence of diazabicyclooctane, for 
example by using the procedure described in J. Org, Chem., 38, 3224, 1973 for the cleavage 

30 of allyl caiboxylates. 
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The coDversioii of a phosphonate diester 199.1 or a phosphonate monoester 199.2 into the 
corresponding phosphonic acid 1993 (Scheme 199, Reactions 2 and 3) is effected by reaction 
of the diester or the monoester with trimethylsifyl bromide, as described in J. Chem. See, 
Chem. Comm., 739, 1979. The reaction is conducted in an inert soh^ent such as, for exarople, 
dichloromethane, optional^ in the presence of a sifylating agent such as 
bis(trimethyMyI)trifluoroacetamide, at ambient temperature. A phosphonate monoester 199.2 
in which is aralkyl such as benzyl, is converted into the corresponding phosphonic acid 
1993 by hydrogenation over a palladium catalyst, or by treatment with hydrogen chloride in 
an ethereal solvent such as dioxan. A phosphonate monoester 199.2 in which R^ is alkenyl 
such as, for example, aHyl, is converted into the phosphonic acid 1993 by reaction with 
Wilkinson's catalyst in an aqueous organic solvent, for example in 15% aqueous acetonitrile, 
or in aqueous ethanol, for cxamph using the procedure described in Helv. Chnn. Acta., 68, 
618, 1985. Palladium catalyzed hydrogenolj^is of phosphonate esters 199.1 in which R^ is 
benzyl is described in J. Org. Chem., 24, 434, 1959. Platinum-catalyzed hydrogenolysis of 
phosphonate esters 199.1 in which R^ is phenyl is described in J. Am. Chem. Soc, 78, 2336, 
1956. 

The conversion of a phosphonate monoester 199.2 into a phosphonate diester 199.1 (Scheme 
199, Reaction 4) in which the newly introduced R^ group is alkyl, aralkyl, haloalkyl such as 
chloroethyl, or aralkyl is effected by a number of reactions in which the substrate 199.2 is 
reacted with a hydros con5>ound R^OH, in the presence of a coupling agent. Suitable 
coupling agents are those en5)loyed for the preparation of carboxylate esters, and include a 
carbodiimide such as dicyclohejq^lcarbodiimide, in which case the reaction is preferably 
conducted in a basic organic solvoit such as pyridine, or (benzotriazoH- 
yloxy)tripyrr6lidinophosphoniumhexaftaorophosphate (PYBOP, Sigma), in which case, the 
reaction is p^oimed in a polar solvent such as dimethylformamide, in the presence of a 
tertiary organic base such as diisopropylethylamine, or Aldrithiol-2 (Aldrich) in which case the 
reaction is conducted in a basic solvent such as pyridine, in the presence of a triaryl phosphine 
such as triphenylphosphine. Altemativefy, the conversion of the phosphonate monoester 
199.2 to the diester 199.1 is effected Iqr the use of the Mitsonobu reaction, as described above 
(Scheme 142). The substrate is reacted with the hydroxy conpound R^OH, in the presence of 
diethyl azodicaiboxylate and a triarylphosphine such as triphenyl phosphine. Alternatively, the 
phosphonate monoester 199.2 is transformed into the ptosphonate diester 199.1, in which the 
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introduced group is aDcenyl or aralkyl, by reaction of the monoester with the halide R^Br, in 
which R^ is as alkenyl or aralkyL The alkylation reaction is conducted in a polar organic 
sohrent such as dimethylformamide or acetonitrfle, in the presence of a base such as cesium 
carbonate. Alternatively, the phosphonate monoester is transformed into the phosphonate 
diester in a two step procedure. In the first step, the phosphonate monoester 199.2 is 
transformed into the chloro analog RP(0)(OR^)a by reaction with thionyl chloride or oxalyl 
chloride and the like, as described in Organic Phosphorus Conqwunds, G. M. Kosolapoff, L. 
Maeir, eds, Wiley, 1976, p. 17, and the thus-obtained product RP(0)(OR^)a is then reacted 
with the hydroxy conq)ound R^OH, in the presence of a base such as triethylamine, to afford 
the phosphonate diester 199.1. 

A phosphonic acid R-link-P(0)(0H)2 is transformed into a phosphonate monoester 
RP(0)(OR^)(OH) (Scheme 199, Reaction 5) by means of the methods described above of for 
the preparation of the phosphonate diester R-liQk-P(0)(OR% 199.1, except that onty one 
molar proportion of the component R^OH or R^Br is en5)loyed. 

A phosphonk: add R-link-P(0)(0H)2 1993 is transfonned into a phosphonate diester R-link- 
P(0)(0R^)2 199.1 (Scheme 199, Reaction 6) by a coupling reaction with the hydroxy 
conq)ound R^OH, in the presence of a coupling agent such as Aldrithiol-2 (Aldrich) and 
triphenylphosphine. The reaction is conducted in a basic solvent such as pyridine. 
Alternatively, phoq)homc acids 1993 are transformed into phosphonic esters 199.1 in which 
R IS aryl, by means of a coupling reaction enq)loying, for example, dicyclohexylcarbodiimide 
in pyridine at ca 70'C. Alternatively, phosphonic acids 199.3 are transformed into phosphonic 
esters 199.1 ia which E} is alkenyl, by means of an alkylation reaction. The phosphonic acid is 
reacted with the alkenyl bromide R^Br in a polar organic solvent such as acetonitrfle solution 
at reflux ten5)erature, the presence of a base such as cesium carbonate, to aJBFord the 
phosphonic ester 199.1. 
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Scheme 1 99 
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General applicability of methods for introduction of phospbonate substituents. 

The procedures described for the introduction of phosphonate moieties (Schemes 133 - 192) 
5 are, with appropriate modifications known to one skilled in the art, transferable to different 
chemical substrates. Thus, the methods described above for the introduction of phosphonate 
groups into indanols (Schemes 133 - 137 ) are applicable to the introduction of phosphonate 
moieties into phenylpropionic acids, thiophenols, tert. butylamines, pyridines, benzyl hahdes, 
ethanolamines, aminochromans, phenylalanines and benzyl alcohols, and the methods 
10 described for the introduction of phosphonate moieties into the above-named substrates 

(Schemes 138 - 192) are apphcable to the introduction of phosphonate moieties into indanol 
substrates. 



Preparation of phosphonate intermediates 23 and 24 with phosphonate moieties 
15 incorporated into the R^ R*® or R^^ groups. 



The chemical transformations described in Schemes 1 - 192 iDustrate the preparation of 
con5)ounds 1 - 22 in which the phosphonate ester moiety is attached to the indanol moiety, 
(Schemes 1 - 4, 76 - 84), the phenyl group (Schemes 5 - 8, 21 - 24, 37 - 40, 49 - 52. 58 - 
20 61, 67 ~ 68, 74, 75, 101 - 108, 125 - 132) the tert. butylamine group, (Schemes 9 - 12, 25 - 
28, 41 - 44, 109 - 116), the pyridine group (Schemes 13 - 16), the decahydroisoquinoline 
group (Schemes 17 - 20, 45 ~ 48, 117 - 124), the ethanolamine group (Schemes 29- 32, 93 - 
100), the aminochroman group (Schemes 33 - 36, 85 - 92), and the thiophenyl group 
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(Schemes 53 - 57, 62 - 66, 69 - 73). The various chemical methods employed for the 
introduction of phosphonate ester groups into the above-named moieties can, with appropriate 
modifications known to those skilled in the art, be applied to the introduction of a 
phosphonate ester group into the compounds R^R^H, R^SH, R^CHjI, R^°CO, R^SH, and 
5 R"CH2CH(NH2)C00H. The resultant phosphonate-<:ontaining analogs, designated as 

R^'m R'^SH, R^^CH2l, R^^CO, R"^SH, and R^^^:H2CH(NH2)C00H are then, using the 
procedures described above, en?>loyed in the preparation of the coin)ounds 23 and 24. The 
procedures required for the utilization of the phosphonate^ntaining analogs are the same as 
those described above for the utilization of the compounds R^R^NH, R^SH, R^CH2l, R^^CO, 

10 R"SH, and R"CH2CH(NH2)C00H. 

For example. Schemes 200-204 and Schemes 205-207 depict the introduction of the group 
link-P(0)(OR')2 or a precursor thereto, such as, [OH], [NH2], [SH] onto the R^R^ amines 
AlOa and AlOb in Chart 4, to give amines 200^ and 205.10 respectively. These amine 
products are then utilized in the generation of compounds 23 where R^R^NH is now 

1 5 R^R^^NH in Chart 3 following the same procedures outlined in Schemes 13 and 15 but 
replacing the amine 13.1 with 200.5 or 205.10 respectively. 

Preparation of piperazine fiiran con5)ounds 200.5 with phosphonate attachments 

20 Schen^ 200 - 204 depict the preparation of the piperazine furan aryl phosphonate 

compounds 200.5 that are employed in the preparation of the phosphonate esters 23 where 
R^R^ is now R^R^TSfH as described above. 



Scheme 200 depicts the preparation of pipacBzine Waryl phosphonates in which the terminal 
aiyl ring bears the phosphonate moiety through a linking group. Methods for the preparation 
of the reagents 200.2 are shown in Schemes 201-204. Furan 200.1 prepared as described in 
WO02/096359, is treated with the aryl bromide 200J2 in the presence of palladium catalyst by 
the method of Gronowitz et al. (J. Heterocyclic Chemistiy, 1995, 35, p. 771) to give 2003. 
The product 2003 is then subjected to the sequence of reactions and conditions described in 
WO02/096359 to prepare the piperazine 200.5. The preparation of reagent 200.6 where R^ = 
CH2CF3 is also described in WO02/096359. Alternatively, deprotection of amines 164.1 by 
treatment with trifluoroacetic add at room tenqaerature as described in Int. J. Pept. Protein 
Res., 12, 258, 1978, followed by treatment with alloc chloro formate and a base such as 
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pyridine, as described in Protective Groups in Organic Synthesis, by T. W. Greene and P.G.M 
Wilts, Wfley, Third Edition 1999 p. 526-527 yields 200,6 where is as deJBned in Chart 1. 

Scheme 201 depicts the preparation of phosphonates 200.2 in which the phosphonate moiety 
5 is attached to the phenyl ring by means of a heteroatom and an alkyl chain* Many 

halogenated aromatic compounds are commercially available or can be generated from readily 
available aromatic compounds through aromatic substitution. Methods for chlorinating or 
brominating an aryl ring can be found in Conq)rehensive Organic Transformations, by R. C. 
Larock, 2°^ Edition, 1999 p619. The phenol, thiol or amine 201.1 is reacted with a derivative 

10 of a hydroxymethyl dialkylphosphonate 140.2, in which Lv is a leaving group such as 

methanesulfonyloxy and the like. The reaction is conducted in a polar aprotic solvent, in the 
presence of an organic or inorganic base, to afford the displacement product 201.2. For 
example, the phenols 201.5 (Aldrich) or 201.9 (Apollo-Chem) are reacted v^oth a dialkyl 
trifluoromethanesuKonyloxymethyl phosphonate 140.6, prepared as described in Tet. Lett., 

15 1986, 27, 1477, to aJSbrd the ether products. Equimolar amounts of the reactants are 

combined in a polar solvent such as dimethylformamide, in the presence of a base such as 
potassium carbonate, at about SCC, to afford the products 201.6 and 201.10 respectively. 
Alternatively treatment of amine 201.11 (Apollo) or 201.7 (Aldrich) with the dialkyl 
trifluoron^thylsulfonyloxymethyl phosphonate 140.6 in the presence of a base as described 

20 above affords 201.12 and 201.8 respectively. 

Using the above procedures, but employing, in place of the phenols and amines, different 
phenols, thioli^ or amines 201.1, and /or different dialkyl trifhioromethyl-sulfonyloxymethyl 
phosphonates 140.2, the corresponding products 201.2 are obtained. 

25 Scheme 202 illustrates the preparation of compounds in which the phosphonate group is 
attached by means of an aminoalkyl chain. In this procedure, the alddiyde 202.1 is reacted, 
under reductive amination conditions, as described in Scheme 135, with a dialkyl aminoalkyl 
phosphonate 202.2, to give the amine 2023. 

For example, the aldehyde 202.4 (Aldrich) is reacted in ethanol with a dialkyl aminoethyl 
30 phosphonate 166.5, the preparation of which is described in J. Org. Chem., 2000, 65, 676, and 
sodium triacetoxyborohydride, to produce the amine 202.5. 
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Using the above procedures, but employing, in place of the aldehyde, 202*4 different 
aldehydes 202*1 and different pho^honates 202.2, the corresponding products 2023 are 
obtained. 

Scheme 203 illustrates the preparation of aryl halides incorporating phosphonate groups 
attached by means of an amide group. In this procedure, a carboxy-substituted aryl hahde 
203.1 is coupled, as described in Scheme 1, with a dialkyl aminoalkyl phosphonate 202.2 to 
prepare the amide 203.2. 

For example, 2-chloro-4-bromobenzoic acid 203.4, the preparation of which is described in 
Bioorg. Med Chem. Lett. 2001, 11, 10, p. 1257, is coupled in dimethylformamide solution, in 
the presence of dicyclohexylcarbodiimide, with a dialkyl aminoethyl phosphonate 166*5, the 
preparation of which is described in J. Org. Chem., 2000, 65, 676, to afford the amide 203.5. 
Using the above procedures, but employing, in place of the benzoic add 203.4, different 
benzoic acids 203.1, and/or different aminoalkyl phosphonates 202*2, the corresponding 
products 203.2 are obtained. 

Scheme 204 illustrates the preparation of phosphonate-substituted aryl halides in which the 
phosphonate group is attached by means of a one-carbon link. In this procedure, a benzoic 
add 203*1 is first methylated to give methyl ester 204.1 and then reduced with a reducing 

20 agent, as described in J. Org Chem 1987, 52, p. 5419 to give alcohol 204.2. The alcohol 
204*2 is then reacted with hexabromoethane in the presence of triphenyl phosphine as 
described in Syn. 1983, p. 139 to give the bromide 204.3. The bromide 2043 is reacted with 
a sodium dialkyl phosphite 204.5 or a trialkyl phosphite, to give the product 204*4 
For exaixple, acid 204*6 (Lancaster) is converted to the methyl ester 204*7 by refluxing in 

25 methanol and concentrated sulfuric acid and then reduced with Hthium alimmnum hydride in 

THF to give 204.8 as described above. The product 204*8 is reacted with hexahronK>ethane in 
the presence of triphenyl phosphine as described in Syn. 1983, p. 139 to give the bromide 
204.9. This material is reacted with a sodium dialkyl phosphite 204.5, as described in J. Med. 
Chem., 35, 1371, 1992, to afford the product 204.10. Alternatively, the bromomethyl 

30 . con]iK)und 204.9 is converted into the phosphonate 204*10 by nieans of the A]i>uw 

for exanople as described in Handb. Organophosphorus ChenL, 1992, 115. In this procedure. 



10 



15 
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the hromomethyl coii5)oimd 204.9 is heated with a trialkyl phosphate P(OR^)3 at ca. lOO'C to 
produce the phosphonate 204.10* 

Using the above procedures, but employing, in place of the acid 204.6, different acids 203.1, 
and different phosphites 204.5 there are obtained the corresponding aryl halides 204.4. 

The phosphonate-containing bromobenzene derivatives prepared as described in Schemes 201 
- 204 are then transformed, as described in Scheme 200, into the phenylfiiran piperazine 
derivatives 200.5. 
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Scheme 200 
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Scheme 202 
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Scheme 
204 
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Preparation of piperazine ozaxole con:5)ounds 205.10 bearing phosphonate attachments 

Schemes 205 - 207 depict the preparation of the piperazine oxazole phosphonate compounds 
205.10 that are employed in the preparation of the phosphonate esters 23 where R^R^NH is 
now R^R^^NH as described above. 

Scheme 205 depicts the preparation of piperazine oxazole phosphonates 205.10 in which the 
terminal aryl ring bears the phosphonate moiety. The acid 205.1 is converted to the Weinreb 
amide, for cxampic ,as described in J. Med. Chem., 1994, 37, 2918, and then reacted with a 
methyl Grignard reagent e.g. MeMgBr. £xanq>les.of this procedure are reviewed in Org prep 
Proc Intl 1993, 25, 15. Ketone 205.3 is then brominated using conditions described in 
Con5)rehensive Organic Transformations, by R. C. Larock, 2°^ Edition, 1999, p. 710-71 1. 
For example, treatment of 205.3 with bromine in acetic acid yields 205.4. Conversion of the 
bromomethyl compound 205.4 into the piperazine derivative 205.10, via the intermediates 
205.5 - 205.9, is effected by means of the reactions and procedures described in 
WO02/096359 for related compounds in which R^ is CH2CF3 and A is H. 
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Scheme 206 illustrates the preparation of benzoic acid phosphonates in which the phosphonate 
moiety is attached by means of alkylene chains and a heteroatom O, S or In this procedure, 
a benzoic add 206.1 is protected with a suitable protecting group (see Protective Groups in 
Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Third Edition 1999 ch5 and then 
reacted with a an equimolar amount of a dialkyl phosphonate 206.3, in which Ha is a leaving 
group e.g. halogen, to afford the alkyl phosphonate product 206.4. The alkylation reaction is 
effected in a polar organic solvent such as dimethylformamide or acetonitrile, in the presence 
of a base. The base eniployed depends on the nature of the nucleophfle 206.2. In cases in 
which Y is O, a strong base such as sodium hydride or lithium hexamethyldisilazide. is 
en?)loyed. In cases in which Y is S or N, a base such as cesium carbonate or 
dimethylammopyridine is en5)loyed. FoDovidng this reaction the product 206.4 is hydrolyzed 
by treatment with base to give the acid 206.5 

For exan5)le, benzoic acid 206.6, (Aldrich) is reacted with diazomethane in ether at 0"C to 
give the methyl ester 206.7 or sin5)ly refluxed in acidic methanol. The ester in acetonitrile at 
eOT K treated with one molar equivalent of a dialkyl iodomethyl phosphonate 206.8, 
(Lancaster) to give the ether product 206.9. This product 206.9 is then hydrolyzed by 
treatment with lithium hydroxide in aqueous THF to give the acid 206.10. 
Using the above procedures, but employing, in place of the benzoic add 206.6, different acids 
206.1, and/or different haloalkyl phosphonates 206.3, the corresponding products 206.5 are 
obtained. 

Scheme 207 depicts the preparation of phosphonate esters hnked to a benzoic acid nucleus by 
means of unsaturated and saturated carbon chains. The carbon chain linkage is formed by 
means of a palladhmi catalyzed Heck reaction, in which an olefimc phosphonate 207.3 is 
coupled with an aromatic bromo con5)ound 207.2. The coupling of aryl halides with olefins 
by means of the Heck reaction is described, for exan5)le, in Advanced Organic Chemistry, by 
F. A. Carey and R. J. Sundberg, Plenum, 2(K)1, p. 503ff and in Acc. Chem. Res., 12, 146, 
1979. The aryl bromide and the olefin are coupled in a polar solvent such as 
dimethylformamide or dioxan, in the presence of a palladiimni(0) catafyst such as 
tetrakis(tripheny^phosphine)palladium(0) or a palladium(n) catalyst such as palladium(II) 
acetate, and optionally in the presence of a base such as triethylamine or potassium carbonate, 
to afford the coupled product 207.4. Deprotection, or hydrogenation of the double bond 
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foDowed by dqffotection, affords respectively the unsaturated phosphonate acid 207^, or the 
saturated analog 207.6 respectively. 

For example, 4-bromo-3-fluorobenzoic acid 207.7 (Apollo) is converted to the tert butyl ester 
207.8 by treatment with t-butanol and DCC in the presence of dimethylaminopyridine. The 
ester 207J{ is then reacted with a dialkyl 1-propenyl phosphonate 150.8, the preparation of 
which is described in J. Med. Chem., 1996, 39, 949, in the presence of a palladium (H) 
catalyst, for example, bis(triphenylphosphine) palladium (n) chloride, as described in J. Med. 
Chem, 1992, 35, 1371. The reaction is conducted in an aprotic dipolar sohrent such as, for 
exaiiq)le, dfanethylformamide, in the presence of triethylamine, at about lOO'^C to afford the 
coupled product 207.10. Deprotection as described in Protective Groups in Organic 
Synthesis, by T.W. Greene and P,GM Wuts. Wfley, Third Edition 1999 p. 406^8, then 
affords the acid 207.11. Optionally, the add 207.11 is subjected to catalytic or chemical 
reduction, for example using diimide, as described in Scheme 138, to yield the saturated 
product 207.12. 

Using the above procedures, but employing, in place of the acid conpound 207.7, different 
acid conqKMmds 207.1, and/or different phosphonates 207.3, there are obtained the 
corresponding products 207.5 and 207-6. 

The phosphonate-containing benzoic acids, prepared as described in Schemes 206 and 207, 
are then transformed, using the procedures shown in Scheme 205, into the phenyloxazole 
pi^perazine derivatives 205.10. 
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Scheme 205 



O 



X=H, F, CI 



N(OMe)Me 



O 



205.3 



205.1 




205.4 




R2 = H or Me 

R3 = H or Me 

— ■ ■ " ■' . — 1^ 

R2 R3 

O k^NAIIoc 
205.6 doNHR"* 



n H R3,R2 



205.7 



Is^NAHoc 
60NHR* 




H ^SjRz 

O k^NAIIoc 
205.8 CONHR'* 




N k^NAIIoc 



CONHR* 



205.9 




CONHR* 



205.10 



-631- 



wo 03/090690 



PCT/US03/12901 



Scheme 206 
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Scheme 207 
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Preparation of the intermediate phosphonate esters. 

The intermediate phosphonate esters 1 to 4a of this invention are shown in Chart 1. 
Subsequent chemical modifications, as described herein, permit the synthesis of the final 
compounds of this invention. 

The structures of the amine coiE5)onents R^NHCH(R^)CONHBu' 6-20e are shown in Chart 2. 
Although specific stereoisomers of some of the anaines are shown, all stereoisomers of the 
amine components are utilized. Chart 2 also iDustrates that, in addition to the tert. butyl 
ammes 5, the corresponding 2,2,2-trifhiororoethyl and 2-methyIben2yl amides are utilized in 
the synthesis of the phosphonate intermediate compounds of this invention. 
Chart 3 depicts the structures of the R"* con^nents 21-26. Charts 4a-4c illustrate the 
structures of the carboxylic acid conqxDnents R^COOH, C1-C49. 

The intermediate compounds 1 to 4a incorporate a phosphonate moiety connected to the 
a nucleus by means of a variable linking group, designated as "link" in the attached structures. 
Charts 5 and 5a illustrate exan5)les of the linking groups 38-59 present in the structures l-4a, 
and in which "etc'* refers to the scajSbld, e.g., nelfinavir. 

Schemes 1-50 illustrate the syntheses of the intermediate phosphonate conqiounds of this 
invention, l-4a, and of the intermediate compounds necessary for their synthesis. 
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Chart 1 . Structures of phosphonate ester intermediate compounds 
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Chart 2. Structures of the amine component R^NHCH(R^)CONHBu^ 
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Chart 3. Structures of the components 
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Chart 4a Structures of the R^COOH components 
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Chart 4b Structures of the R^COOH components 
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Chart 4c Structures of the R^COOH components 
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link 



Chart 5 Examples of the linking group between the scaffold and the phosphonate 
moiety. 
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Chart 5a Examples of the linking group between the scaffold and the phosphonate 
moiety. 

link examples 
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Protection of reactive substituents. 

Depending on the reaction conditions employed, it may be necessary to protect certain 
reactive substituents from unwanted reactions by protection before the sequence described, 
and to deprotect the substituents afterwards, according to the knowledge of one skilled in the 
art. Protection and deprotection of functional groups are described, for example, in Protective 
Groups in Organic Synthesis, by T.W. Greene and P.G. M Wuts, Second Edition 1990, 
Reactive substituents which may be protected are shown in the acconipanying schemes as, for 
exan:5)le, [OH], [SH]. 
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Preparation of the phosphonate intennediates 1, in which X=S. 

The syntheses of the phosphonates 1 in which X=S, and in which the group link-P(0)(0R^)2 is 
attached to the benzoic acid moiety, are shown in Schemes 1- 3. 

S Scheme 1 iUustrates the preparation of the phosphonate intennediate conq>onnds 1» or 

precursors thereto. 4-AiDino-tetrahydro-fiiran-3-ol 60, the preparation of which is described 
in Tet. Lett., 2000, 41, 7017, is reacted with the carboxylic acid 61, or an activated derivative 
thereof, the preparations of which are described below, to form the amide 62. 
The preparation of amides by reaction of carboxylic acids and derivatives is described, for 

10 exan5)le, in Organic Functional Group Preparations, by S.R. Sandler and W. Karo, Academic 
Press, 1968, p 274. The carboxylic acid is reacted with the amine in the presence of an 
activating agent, such as, for exanple, dicyclohexylcarbodiimide, optionally in the presence oi^ 
for exaiq)le, hydroxybenztriazole, in a non-protic solvent such as, for exanq>le, pyridine, DMF 
or dichloromethane, to afford the amide. 

15 Alternatively, the carboxylic acid may first be converted into an activated derivative such as 
the acid chloride or anhydride, and then reacted with the amine, in the presence of an organic 
base such as, for example, pyridine, to afford the amide. 

Preferably, the carboxylic acid is first converted into the acid chloride by reaction with, for 
example, thionyl chloride, oxalyl chloride and the Hke. The acid chloride 61, in which X is CI, 
20 is then reacted with an equimolar amount of the amine 60, in the presence of a weak inorganic 
base such as sodium bicarbonate, in an orotic solvent such as dichloromethane, at ambient 
ten^erature, to afford the amide 62. 

The hydroxyl group on the tetrahydrofuran moiety so obtained is converted into a leaving 
group such as p-toluenesulfonyl or the like, by reaction with a sulfonyl chloride in an ^nrotic 

25 solvent such as pyridine or dichloromethane. 

Preferabfy, the hydroxy amide 62 is reacted with an equimolar amount of methanesulfonyl 
chloride in pyridine, at ambient temperature, to afford the metbanesuUbnyl ester 63. 
The product 63, bearing a suitable sulfonyl ester leaving group, is then subjected to acid- 
catalyzed rearrangement to afford the isoxazoline 64. The rearrangement reaction is 

30 conducted in the presence of an acylating agent such as a carboxylic anhydride, in the presence 
of a strong acid catalyst. 
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Preferably, the mesylate 63 is dissolved in an acylating agent such as acetic anhydride at about 
0"*, in the presence of about 5 mole % of a strong acid such as sulfuric acid, to afford the 
isoxazoline mesylate 64. 

The leaving group, for exan:q>Ie a mesylate group, is next subjected to a displacement reaction 
with an amine. 

The coropound 64 is reacted with an amine 5, as defined in Chart 2, in a protic solvent such as 
an alcohol, in the presence of an organic or inorganic base, to yield the displacement product 
65. 

Preferably, the mesylate compound 64 is reacted with an equimolar amount of the amine 5, in 
the presence of an excess of an inorganic base such as potassium carbonate, at ambient 
ten5)erature, to afford the product 65. 

The isoxazoline compound 65 is then reacted with a thiol R'^SH 66, in which R"* is phenyl, 4- 
fluorophenyl or 2-naphthyl, as shown in Chart 3, to afford the thioether 1. The reaction is 
conducted in a polar solvent such as DMF, pyridine or an alcohol, in the presence of a weak 
organic or inorganic base, to afford the product 1. 

Preferably, the isoxazoline 65 is reacted, in methanol, with an equimolar amount of the thiol 
R'^SH 66, in the presence of an excess of a base such as potassium bicarbonate, at anibient 
temperature, to afford the thioether 1. 

Alternatively, the compounds 1 can be obtained by means of the reactions shown in Scheme 2. 
In this sequence, methahesulfonic acid 2-benzoyloxycarbonylamino-2-(2,2-dimethyl- 
[l,3]dioxolan-4-yl)-ethyl ester, 67, prepared as described in J. Org. Cbssn, 2000, 65, 1623, is 
reacted with a thiol R'^SH 66, as defined above, to afford the thioether 68. 
The reaction is conducted in a suitable solvent such as, for example, pyridine, DMF and the 
like, in the presence of an inorganic or organic base, at firom 0° to 80^ for firom 1-12 hours, to 
afford 68. 

Preferably the mesylate 67 is reacted with an equimolar amount of the thiol R'^SH 66, in a 
mixture of a water-immiscible organic solvent such as toluene, and water, in the presence of a 
phase-transfer catalyst such as, for example^ tetrabutyl ammonium bromide, and an inorganic 
base such as sodium hydroxide, at about 50"*, to give the product 68. 

The 1,3-dioxolane protecting group present in the compound 68 is removed by acid catalyzed 
hydrolysis or by exchange with a reactive carbonyl compound to afford the diol 69. Methods 
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for conversion of 1,3-dioxolanes to the corresponding diols are described in Protective Groups 
in Organic Synthesis, by T.W. Greene and P.G. M Wuts, Second Edition 1990, p. 191. 
For exanple, the 1,3-dioxolane compound 68 is hydrolyzed by reaction with a catalytic 
amount of an acid in an aqueous organic soh^ent mixture. 
5 Preferably, the 1,3-dioxolane 68 is dissolved in aqueous methanol containing hydrochloric 
acid, and heated at ca. 50^, to yield the product 69. 

The primary hydroxyl group of the diol 69 is then selectively acylated by reaction with an 
electron- withdrawing acyl halide such as, for example, pentafhiorobenzoyl chloride or mono- 
or di-nitrobenzoyl chlorides. The reaction is conducted in an inert solvent such as 
10 dichloromethane and the like, iQ the presence of an inorganic or organic base. 

Preferably, equimolar amounts of the diol 69 and 4-nitroben2oyl chloride are reacted in a 
solvent such as ethyl acetate, in the presence of a tertiary organic base such as 2-picoline, at 
ambient temperature, to afford the ester 70. 

The hydroxy ester 70 is next reacted with a sulfonyl chloride such as methanesulfonyl chloride, 
15 4-toluenesulfonyl chloride and the like, in the presence of a base, in an aprotic polar solvent at 
low ten5)erature, to afford the corresponding sulfonyl ester 71. 

Preferably, equimolar amounts of the carbinol 70 and methanesulfonyl chloride are reacted 
together in ethyl acetate containing triethylamine, at about 10°C, to yield the mesylate 71. 
The coinpound 71 is then subjected to a hydrolysis-cyclization reaction to afford the oxirane 
20 72. 

The mesylate or analogous leaving group present in 71 is displaced by hydroxide ion, and the 
carbiQol thus produced, without isolation, spontaneously transforms into the oxirane 72 with 
elimination of 4-nitrobenzoate. To effect this transformation, the sulfonyl ester 71 is reacted 
with an alkali metal hydroxide or tetraalkylammonium hydroxide in an aqueous organic 
25 solvent. 

Preferably, the mesylate 71 is reacted with potassium hydroxide in aqueous dioxan at ambient 
temperature for about 1 hour, to afford the oxirane 72. 

The oxirane compound 72 is then subjected to regiospecific ring-opening reaction by 
treatment with an amine 5, to give the aminoalcohol 73. 
30 The amine and the oxirane are reacted in a protic organic solvent, optionally in the additional 
presence of water, at 0° to 100*", and in the presence of an inorganic base, for 1 tol2 hours, to 
give the product 73. 
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Preferably, equimolar amounts of the reactants 5 and 72 are reacted in aqueous methanol at 

about 60^ in the presence of potassium carbonate, for about 6 hours, to afford 73. 

The carbobenzylo:^^ (cbz) protecting group in the product 73 is removed to afford the free 

amine 74. Methods for removal of cbz groups are described, for exaii5)le, in Protective 

Groups in Organic Synthesis, by T.W. Greene and P.O. M. Wuts, Second Edition, p. 335. 

The methods include catalytic hydrogenation and acidic or basic hydrolysis- 

For example, the cbz-protected amine 73 is reacted with an alkali metal or alkaline earth 

hydroxide in an aqueous organic or alcoholic solvent, to yield the free amine 74. 

Preferably, the cbz group is renooved by the reaction of 73 with potassium hydroxide in an 

alcohol such as isopropanol at ca. 60** to afford the amine 74. 

The amine 74 so obtained is next acylated with a carbo^lic acid or activated derivative 61, 
using the conditions described above for the conversion of 60 to 62, to yield the final amide 
product 75. 

The reactions shown in the above-described Schemes 1 and 2 depict the preparation of 
intermediates 1 in which A is either link-P(0)(OR^)2 or precursor groups to link-P(0)(0R^)2 
such as OH, SH, NH, as described herein. 

Scheme 3 shows the conversion of the con5)oimds 75 in which A is OH, SH, NH, to the 
compounds 1 in which A is link-P(0)(0R')2. 

Methods for these transformations are described below. Schemes 20-48, in the descriptions of 
the preparations of the phosphonate-containing reactants. 
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Preparation of the phosphonate intermediates 2, in vcliich X = S. 
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The synthesis of the phosphonate compounds 2 in which the link-P(0)(OR^)2 group is attached 
to the phenylthio nM>iety, is shown in Scheme 4. 

In this sequence, 4-araino-tetrahydro-furan-3-ol, 60, the preparation of which is described in 
Tet Lett., 2000, 41, 7017, is reacted with a carboxyKc acid or activated derivative thereof, 
5 R^COX, 76, using the conditions described above for the preparation of the amide 62, Scheme 
1, to afford the amide 77. The conq>ounds 77, and analogous acylation products described 
below, in which the carboxylic acid R^COOH is one of the carbonic acid derivatives C36-C49, 
as defined in Chart 4c, are carbamates. Methods for the preparation of carbamates are 
described below, (Scheme 50). 
10 The amide product 77 is then transformed, using the sequence of reactions shown in 
Scheme 4, into the isoxazoline con^und 80. The conditions for this sequence of 
transfomoations are the same as those described for the preparation of the isoxazoline 65 in 
Scheme 1. 

The isoxazoline con^und 80 is then reacted with a thiol compound 66, in which the 
15 substituent A is either the group link-P(0)(0R^)2, or a precursor thereto, such as OH, SH, 
NH, as described herein, to afford the thioether 81. 

The conditions for this reaction are the same as those described above for the preparation of 
the thioether 1, (Scheme 1). 

Alternatively, the thioether 81 can be prepared by the sequence of reactions shown in Scheme 
20 5. In this sequence, the previously described 1,3-dioxolane n^ylate compound 67 is reacted 
with a thiol compound 66 in which the subsrituent A is either the group link-P(0)(0R^)2, or a 
precursor thereto, such as OH, SH, NH, as desaibed herein, to afford the thioeth^ 82. The 
conditions for this reaction are the same as those described above for the preparation of the 
tbiether 68, (Scheme 2). 

25 The thus-obtained thioether 82 is then transformed, using the sequence of reactions shown in 
Scheme 2 into the compound 81. 

The reactions shown in the above-described Schemes 4 and 5 depict the preparation of 
intermediates 81 in which A is either link-P(0)(0R^)2 or precursor groups to link-P(0)(0R^)2 
such as OH, SH, NH, as described herein. 
30 Scheme 6 shows the conversion of the conq>oimds 81 in which A is OH, SH, NH, into the 
conmounds 2 in which A is link-P(0)(0R^)2. 
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Methods for these transfoimatioDS are shown in Schemes 20-48 and are discussed in the 
descriptions of the preparations of the phosphonate-containing reactants. 

Scheme 4 
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Scheme 5 
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Preparation of the phosphonate intermediates 3, in which X = S. 

The phosphonate intenzKdiates 3 in which X = S, and in which the link-P(0)(0R*)2 group is 
attached to the tert. butyl moiety, are pr^ared as shown in Schemes 7 and 8. 
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As shown in Scheme 7, the isoxazolines 79, the preparation of which are described above, are 
reacted with the amines 83, using the conditions described above for the conversion of 64 to 
65, (Scheme 1) to afford the product 84. 

This compound is then converted, using the methods described above, (Scheme 1) into the 
5 compound 85, in which B is either Iink-P(0)(0R*)2 or precursor groups to link-P(0)(0R^)2 
such as OH, SH, NH, as described herein. 

Alternatively, the conq>ounds 85 can be prepared by the reactions shown in Scheme 8. 
In this method, the oxirane 72, the preparation of which is described above, (Scheme 2) is 
reacted with the amine 83, using the reaction conditions described above for the conversion of 

10 72 to 73 (Scheme 2), to afford the hydroxyamine 86. This confound is then converted, using 
the procedures described above, into the corq>ound 85, in which B is either link-P(0)(OR% 
or precursor groups to link-P(0)(0R^)2 such as OH, SH, NH, as described herein. 
The reactions shown in the above-described Schemes 7 and 8 depict the preparation of 
intCTmediates 85 in which A is either link-P(0)(0R^)2 or precursor groups to link-P(0)(0R*)2 

IS such as OH, SH, NH, as described herein. 

Scheme 9 shows the conversion of the conq>ounds 85 in which A is OH, SH, NH, into the 
compounds 3 in which A is link-P(0)(0R*)2. 

Methods for these transformations are described below in Schemes 20 to 48 in which the 
jnreparations of the phosphonate-containing reactants are depicted. 

20 

Preparation of the phosphonate intermediates 4 in which X = 

The preparations of the phosphonate intermediates 4, in which the ]ink-P(0)(OR% g^oup is 
attached to the decahydroisoquinoline moiety, are shown in Schemes 10 to 12. 
As shown in Scheme 10, the isoxazoline mesylate 79, the preparation of which is described 
25 above, (Scheme 4) is reacted with the amine 88, the preparation of which is described below. 
The reaction is preformed using the procedures described above for the preparation of 65 
(Scheme 1). 

The reaction product 89 is then transformed, using the procedures described above, 

» 

(Scheme 1) into tibe compound 90, in which B is either ]ink-P(0)(0R^)2 or precursor groups 
30 to ]ink-P(0)(0R')2 such as OH, SH, NH, as described herein. 

Alternatively, the coiiq)ound 90 can be prepared by the reactions shown in Scheme 11. 
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In this reaction scheme, the oxirane 72, the preparation of which is described above, 
(Scheme 2) is reacted with the amine 88, using the conditions described above for the 
preparation of 73 (Scheme 2) to afford the hydroxyamine 91. This conopoimd is then 
converted, using the reaction schemes and conditions described above for the preparation of 1, 
(Scheme 2) into the con^pound 90, in which B is either link-P(0)(0R^)2 or precursor groups 
to link-P(0)(0R^)2 such as OH, SH, NH, as described herein. 

The reactions shown in the above-described Schemes 10 and 11 depict the preparation of 
intennediates 90 in which B is either link-P(0)(0R^)2 or precursor groups to link-P(0)(0R^)2 
such as OH, SH, NH, as described herein. 

Scheme 12 shows the conversion of the compounds 90 in which B is OH, SH, NH, to the 
con5)ounds 4 hx which A is link-P(0)(0R^)2. 

Methods for these transformations are described below in Schema 20-48 in which the 
preparations of the phosphonate-containing reactants are depicted. 

Preparation of the phosphonate intennediates 1, in which X is a direct bond 

As shown in Scheme 13, the oxirane 92, in which X is H, the preparation of which is described 
in J. Med. Chemu, 1997, 40, 1995, and in Bioorg. Med. Chem. Lett., 5, 2885, 1995, is reacted 
with the amine 5. The compounds are reacted together using the conditions described above 
for the preparation of 73, (Scheme 2) to afford the hydroxyamine 93. This corc^und is then 
transformed, using the procedures described above for the preparation of 1, (Scheme 2) iato 
the con^und 94, in which A is either link-P(0)(0R^)2 or precursor groups to link- 
P(0)(0R% such as OH, SH, NH, as described herein. 

Scheme 14 shows the conversion of the conq>ounds 94 in which A is OH, SH, NH, to the 
compounds 1 in which A is Iink-P(0)(0R^)2. 

Methods for these transformations are described below in Schemes 20-43 in which the 
preparations of the phosphonate-containmg reactants are depicted. 

Preparation of the phosphonate intennediates 2, in which X is a direct bond. 

The preparation of the compounds 2, in which X is a direct bond, and the group link- 
P(0)(0R^)2 is attached to the phenyl ring, is ilhistrated in Schemes 14a and 14b* 
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In the procedure shown in Scheme 14a» the epoxide 14a-l, prepared as described below 
(Scheme 45) is reacted with an amine 5, using the conditions described above for the 
preparation of the hydroj^amine 73 (Scheme 2), to afford the hydro^amine 14a*2. 
The latter conqpound, after removal of the BOC protecting group as described in Protective 
Groups in Organic Synthesis, by T.W. Greene and P.G. M. Wuts, Third Edition 1999, p. 520- 
522, is then converted, by reaction with the carboxylic acid R^COOH, or an activated 
derivative thereof, into the amide 14a-3. The conditions for this reaction are the same as 
those described above for the preparation of the amide 62, (Scheme 1). 
The reactions shown in Scheme 14a illustrate the preparation of the compounds 14a-3 in 
which A is either the group link-P(0)(0R*)2 or a precursor thereto such as OH, SH, NH2. 
Scheme 14b illustrates the conversion of the con^unds 14a*3, in which A is OH, SH, NH2, 
into the conopounds 2 in which A is the group link-P(0)(0R')2. The methods for this 
transformation are described below in Schemes 20-48, in which the preparation of the 
phosphonate-containing reactants are described. 
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Scheme 10 
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Scheme 13 
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Scheme 14a 
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Preparation of the pbosphonate intermediates 3, in which X is a direct bond. 

As shown in Scheme 15, the oxirane 92, in which X is H, is reacted with the amine 83, in 
5 which the phosphonate or precursor group is attached to the tert. butyl group, to afford the 
product 95. The conditions for this reaction are the same as described above for the 
preparation of 73 (Scheme 2). This compound is then transformed, using the procedm-es 
described above for the preparation of 1, (Scheme 2) into the compound 96, in which B is 
either link-P(0)(0R*)2 or precursor groups to lmk-P(0)(0R*)2 such as OH, SH, NH, as 
10 described herein. 
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Scheme 16 shows the conversion of the compounds 96 in which B is OH, SH, NH, to the 
connpounds 3 in which B is link-P(0)(0R^)2. 

Methods for these transfonnations are described below in Schemes 20-48 in which the 
preparations of the pbosphonate^containing reactants are depicted. 

5 

Preparation of the phosphonate intermediates 4, in which X is a direct bond. 

As shown in Scheme 17, the oxirane 92 is reacted with the amine 88, in which the 
phosphonate or precursor group is attached to the decahydroisoquinoline moiety, to afford the 
product 97. The conditions for this reaction are the same as described above for the 
10 preparation of 73 (Scheme 2). This compound is then transformed, using the procedures 
described above for the preparation of 1, (Scheme 2) into the conq)OUBd 98, in which B is 
either link-P(0)(0R^)2 or precursor groups to link-P(0)(0R^)2 such as OH, SH, NH, as . 
described herein. 

Scheme 18 shows the conversion of the compounds 98 in which B is OH, SH, NH, into the 
15 compounds 4 in which B is link-P(0)(0R^)2. 

Methods for these transformations are described below in Schemes 20-48 in which the 
preparations of the phosphonate-containing reactants are dq>icted. 

Schemes 13-18 illustrate the preparations of the compounds 1, 3 and 4, in which X is a direct 
bond, and in which the phenyl ring is either unsubstituted or incorporates a protected hydroxyl 
20 group at the 4-position. 

Scheme 19 depicts the synthesis of compounds 1, 3 and 4, in which X is a direct bond, and in 
which the phenyl ring incorporates different substxtuents, as described above (Chart 3) in the 
4-position. 

In this procedure, [2-(4-hydroxy-phenyl)-l-oxiranyl-ethyl]-carbamic add tert-butyl ester 99, 
25 the preparation of which is described in U.S. Patent 5,492,910, is reacted with an appropriate 
alkylating agent, such as, for example, ethyl iodide, henzyl chloride, bromoethjd morpholine or 
bromoacetyl noorpholine. The reaction is conducted in an aprotic solvent, such as, for 
example^ dichioromethane or dimethylformamide, in the presence of an organic or inorganic 
base. 

m 

30 Preferably the hydroxy compound 99 is reacted with an equimolar amoimt of the alkylating 

agent in dichioromethane, in the presence of diisopropylethylamine, at ambient temperature, so 
as to afford the ether products 100. The conq>ounds 100 are then transformed, using the 
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conditions described above for the reactions depicted in Scheioes 13-18, into the products 1, 3 
and 4, in which X is a direct bond, and in which R is as defined in Scheme 19. 

Scheme 15 

H Pv H OH r2 

92 83 X 35 

X = H, [OH] 



, H 9H 

O I Vr= 



X 
96 



B = link-(P)(OR^)2 or B = OH, SH, NH etc 
Scheme 16 

. H 9H Si" 



6 \ Vr^ 



f ^ 0"*^N-fA3 ^ ° ti-f-.fnk-P{0)(ORi), 



X 96 

X =H. [OHJ3 = OH, SH, NH etc 



-660- 



wo 03/090690 



PCT/US03/12901 



Scheme 17 
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Scheme 19 
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5 Preparation of thiophenol derivatives R^SH incorporating phosphonate substita»ts 

Various methods for the preparation of thiols are described in The C3iemistry of the Uriol 
Group, S. Patai, Ed., Wiley, 1974, VoL 14, Part 3, p 42. 

10 Protection/deprotection of SH groups* 

The preparations of thiophenols incorporating phosphonate moieties are shown in Schemes 20 
-30. In order to avoid unwanted reactions, it may be necessary to protect the SH group, and 
to deprotect it after the transformations shown. Protected SH groups are shown in the 
Schemes as [SH]. The protection and deprotection of SH groups is described in a number of 
15 publications. For example, in Protective Groups in Organic Synthesis, by T. W. Greene and 
P.G.M. Wuts, Wiley, 1991, pp. 277-308, are described the introduction and removal of a 
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number of SH protecting groups. The selection of a SH protecting group for a given series of 
reactions requires that it be stable to the reaction conditions enq>loyed, and that the protecting 
group can be removed at the end of the reaction sequence without the occurrence of undesired 
reactions* In the following descriptions, appropriate protection and deprotection methods are 
S indicated 

Scheme 20 illustrates the preparation of thiophenols in which a phosphonate moiety is 
attached directly to the aromatic ring. 

In this procedure, a halo-substituted thiophenol is subjected to a suitable protection procedure. 
10 The protected compound 101 is then coupled, under the influence of a transition metal 
catalyst, with a dialkyl phosphite 102, to afford the product 103. The product is then 
deprotected to afford the free thiophenol 104. 

Suitable protecting groups for this procedure include aBcyl groups such as triphenylmethyl and 
the hke. Palladium (0) catalysts are ertployed, and the reaction is conducted in an inert 

15 solvent such as benzene, toluene and the like, as described in J. Med. Chem., 35, 1371, 1992. 
Preferably, the 3-broniothiophenol 105 is protected by conversion to the 9-fluorenylmethyl 
derivative, as described in Protective Groups in Organic Synthesis, by T. W. Greene and 
P.G.M. Wuts, Wiley, 1991, p. 284, and the product 106 is reacted io toluene with a dialkyl 
phosphite in the presence of tetralds(triphenylphosphine)palladium (0) and triethylamine, to 

20 yield the product 108. Deprotection, for exan5>le by treatment with aqueous ammonia in the 
presence of an organic co-solvent, as described in J. ChenL Soc. Chenx Comm. 1501, 1986, 
then gives the thiol 109. 

Using the above procedures, but ernploying, in place of the bromo compoimd 105, different 
bromo conq>oimds 101, there are obtained the corresponding thiols 104. 

25 

Scheme 21 illustrates an alternative method for obtaining thiophenols with a directly attached 
phosphonate group. In this procedure, a suitably protected halo-substituted thiophenol 101 is 
metallated, for example by reaction with magnesium or by transnaetallation with an 
alkyllithium reagent, to afford the metallated dmvative 110. The latter compound is reacted 
30 with a halodialkyl phosphate 111 to afford the product 103. 

Preferably, the 4-bromothiophenol 112 is converted into the S-triphenyhnethyl (trityl) 
derivative 113, as described in Protective Groups in Organic Synthesis, by T. W. Greene and 
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P.GJvl Wuts, Wiley, 1991, pp. 287. The product is converted into the lithium derivative 114 
by reaction with butyllithium in an ethereal solvent at low teniperature, and the resulting lithio 
conq)ound is reacted with a dialkyl chlorodiethyl phosphite 115 to afford the phosphonate 
116. Removal of the trityl group, for exanq)le by treatment with dilute hydrochloric acid in 
5 acetic acid, as described in J. Org. Chem., 31, 1118, 1966, then affords the thiol 117. 

Using the above procedures, but employing, in place of the halo conq>ound 112, different halo 
con^unds 101, there are obtained the corresponding thiols 104. 

Schen]^ 22 illustrates the preparation of phosphonate-substituted thiophenols in which the 

10 phosphonate group is attached by means of a one-caifoon link. 

In this procedure, a suitably protected methyl-substituted thiophenol is subjected to free- 
radical bromination to afford a bronoonGbethyl product 118. This conq>ound is reacted with a 
sodium dialkyl phosphite 119 or a trialkyl phosphite, to give the displacement or 
rearrangement product 120, which upon deprotection affords the thiophenols 121. 

15 Preferably, 2-methylthiophenoI 123 is protected by conversion to the benzoyl derivative 124, 
as described in Protective Groups in Organic Synthesis, by T. W. Greene and P.G.M. Wuts, 
Wiley, 1991, pp. 298. The product is reacted with N-bromosuccinimide in ethyl acetate to 
yield the bromomethyl product 125. This material is reacted with a sodium dialkyl phosphite 
119, as described in J. Med. C3ienL, 35, 1371, 1992, to afford the product 126. Altemativefy, 

20 the bromomethyl compound 125 can be converted into the phosphonate 126 by means of the 
Arbuzov reaction, for example as described in Handb. Qrganophosphorus Chem., 1992, 115. 
In this procedure, the bromomethyl compound 125 is heated with a trialkyl phosphate P(OR^)3 
at ca. 100^ to produce the phosphonate 126. Deprotection of 126, for exanq)le by treatment 
with aqueous animonia, as described in J. Amer. Chem. Soc., 85, 1337, 1963, then affords the 

25 thiol 127. 

Using the above procedures, but en5)loying, in place of the bromomethyl concpound 125, 
different bromomethyl con^unds 118, there are obtained the corresponding thiols 121. 

Scheme 23 iltustrates the preparation of thiophenols bearing a phosphonate group linked to 

30 the phenyl nucleus by oxygen or sulfur. In this procedure, a suitably protected hydroxy or 

thio-substituted thiophenol 128 is reacted with a diaDcyl hydroxyalkylphosphonate 129 under 

the conditions of the Mitsonobu reaction, for example as described in Org. React., 1992, 42, 
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335, to afford the coupled product 130. Deprotection then yields the O- or S-linked products 
131. 

Preferably, the substrate, for example 3-hydroxythiophenol, 132, is converted into the 
monotrityl ether 133, by reaction with one equivalent of trityl chloride, as described above. 
5 This conq>ound is reacted with diethyl azodicarboxylate, tnphenyl phosphine and a dialkyl 
1-hydroxymethyl phosphonate 134 in benzene, as described in Synthesis, 4, 327, 1998, to 
afford the ether con^und 135. Rerooval of the trityl protecting group, as described above, 
then affords the thiophenol 136. 

Using the above procedures, but employing, in place of the phenol 132, different phenols or 
10 thiopbenols 128, there are obtained the corresponding thiols 131. 

Scheme 24 illustrates the preparation of thiophenols bearing a phosphonate groxrp linked to 
the phenyl nucleus by oxygen, sulfur or nitrogen. In this procedure, a suitably protected O, S 
or N-substituted thiophenol 137 is reacted with an activated ester, for example the 
trifhioromethanesulfonate, of a dialkyl hydroxyalkyl phosphonate 138, to afford the coupled 
15 product 139. Deprotection then affords the thiol 140. 

For example, the substrate, 4-niethylaminothiophenol 141, is reacted with one equivalent of 
acetyl chloride, as described in Protective Groups in Organic Synthesis, by T. W. Greene and 
P.G.M. Wuts, Wiley, 1991, pp. 298, to afford the product 142. This material is then reacted 
with, for exan^le, diethyl triOuoromethanesuIfonyhmthyl phosphonate 143, the preparation of 
20 which is described in Tet. Lett, 1986, 27, 1477, to afford the displacement product 144. 

Preferably, equimolar amounts of the phosphonate 143 and the amine 142 are reacted together 
in an aprotic solvent such as dichloromethane, in the presence of a base such as 2,6^1utidine, at 
ambient tenqperatnres, to afford the phosphonate product 144. Deprotection, for exanq>le by 
treatment with dilute aqueous sodium hydroxide for two minutes, as described in J. Amer. 
25 Chem. Soc, 85, 1337, 1963, then affords the thiophenol 145. 

Using the above procedures, but enq)loying, in place of the thioamine 142, different phenols, 
thiophenols or amines 137, and/or different phosphonates 138, there are obtained the 
corresponding products 140. 
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Scheme 25 illustrates the preparation of phosphonate esters linked to a thiophenol nucleus by 
means of a heteroatom and a multipIe--carbon chain, employing a nucleophilic displacement 
reaction on a dialkyl bromoaJkyI phosphonate 146. 

In this procedure, a suitably protected hydroxy, tbio or amino substituted thiophenol 137 is 
S reacted with a dialkyl faronooalkyl phosphonate 146 to afford the product 147. Deprotection 
then affords the free thiophenol 148. 

For example, 3-hydro}Qthiophenol 149 is converted into the S-txityl conjpound 150, as 
described above. This coiiq[K>imd is then reacted with, for example, a dialkyl 4-bromobutyl 
phosphonate 151, the synthesis of which is described in Synthesis, 1994, 9, 909. The reaction 
10 is conducted in a dq)olar ^otk solvent, for exaxnple dimethylformamide, in the presence of a 
base such as potassium carbonate, and optionally in the presence of a catalytic amount of 
potassium iodide, at about 50^ to yield the eth^ product 152. Deprotection, as described 
above, then affords the thiol 153. 

15 Using the above procedures, but employing, in place of the phenol 149, different phenols, 
tMophenols or amines 137, and/or different phosphonates 146, there are obtained the 
corresponding products 148. 

Scheme 26 dqpicts the preparation of phosphonate esters linked to a thiophenol nucleus by 
means of unsaturated and saturated carbon dbains. The carbon chain linkage is formed by 

20 means of a palladium catalyzed Heck reaction, in which an olefinic phosphonate 155 is 
coupled with an aromatic b-omo compound 154. In this procedure, a suitably protected 
bromo-substituted thioph^K>l 154 is reacted with a tmninally unsaturated phosptonate 155, 
to afford the coupled product 156. Deprotection, or hydrogenatibn of the double bond 
followed by deprotection, affords respectively the unsaturated phosphonate 157, or the 

25 saturated analog 159. 

For example, 3-bromothiophenol is converted into the S-Fm d^ivative 160, as described 
above, and this compound is reacted with diethyl 1-buten^ phosphonate 161, the preparation 
of which is described in J. Med. Chem., 1996, 39, 949, in the presence of a palladium (11) 
catalyst, for exanQ>Ie, bis(triphenyIphosphine) palladium (U) chloride, as described in J. Med. 
30 CJiem, 1992, 35, 1371. The reaction is conducted in an aprotic dipolar solvent such as, for 
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example, dimethylfomiainide, in the presence of triethylamme, at about 100° to afford the 
coupled product 162. Deprotection, as described above, then affords the thiol 163. 
Optionally, the initially formed unsaturated phosphonate 162 can be subjected to catalytic 
hydrogenation, using, for examplo, palladium on carbon as catafyst, to yield the saturated 
product 164, which upon deprotection affords the thiol 165. 

Using the above procedures, but omploying^ in place of the bromo con5)Ound 160, different 
bromo conogpounds 154, and/or different phosphonates 155, there are obtained the 
corresponding products 157 and 159. 

Scheme 28 illustrates the preparation of an aryl-linked phosphonate ester 169 by means of a 
palladium(0) or pa]ladium(II) catalyzed coupling reaction between a hromobenzene and a 
phenylboronic acid, as described in Comprehensive Organic Transformations, by R. C. Larock, 
VCH, 1989, p. 57. 

The sulfur-substituted phenylboronic acid 166 is obtained by noeans of a metallation- 
boronation sequence applied to a protected hromo-substituted thiophenol, for example as 
described in J. Org. C3iem., 49, 5237, 1984. A coupling reaction then affords the diaryl 
product 168 which is deprotected to yield the thiol 169. 

For example, protection of 4-bromothiophenol by reaction with tert- 
butylchlorodimethylsilane, in the presence of a base such as imidazole, as described in 
Protective Groups in Organic Synthesis, by T. W. Greene and P.GJvL Wuts, Wiley, 1991, 
p. 297, followed by metallation with butyllithium and boronation, as described in J. 
Organomet ChenL, 1999, 581, 82, affords the boronate 170. This material is reacted with 
diethyl 4-bromophenylphosphonate 171, the preparation of which is described in J. Chem. 
Soc., Perkin Trans., 1977, 2, 789, in the presence of tetralds(tr^henylphosphine) palladium 
(0) and an inorganic base such as sodium carbonate, to afford the coupled product 172. 
Deprotection, for example by the use of tetrabutyl ammonium fluoride in anhydrous 
tetrahydrofuran, then yields the thiol 173. 

Using the above procedures, but en5)loying, in place of the boronate 170, different boronates 
166, and/or different phosphonates 167, there are obtained the correspondiag products 169. 
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Scheme 29 depicts the preparation of dialkyl phosphonates in which the phosphonate moiety is 
linked to the thiophenyl group by means of a chain which incorporates an aromatic or 
heteroaromatic ring. 

In this procedure, a suitably protected O, S or N-substituted thiophenol 137 is reacted with a 
dialkyl bromomethyl-substituted aryl or heteroarylphosphonate 174, prepared, for example, by 
means of an Arbuzov reaction between equimolar amounts of a bis(bromo-methyl) substituted 
aromatic con[5)ound and a trialkyl phosphite. The reaction product 175 is then deprotected to 
afford the thiol 176. For exanaple, l,4-'dimercaptobenzene is converted into the monobenzoyl 
eister 177 by reaction with one molar equivalent of benzoyl chloride, in the presence of a base 
such as pyridine. The monoprotected thiol 177 is then reacted with, for exan5>le diethyl 4- 
(hromomethyl)pheny^hosphonate, 178, the preparation of which is described in Tetrahedron, 
1998, 54, 9341. The reaction is conducted in a solvent such as dimethylfonnanride, in the 
presence of a base such as potassium carbonate, at about 50°. The thioether product 179 thus 
obtained is deprotected, as described above, to afford the thiol 180. 

Using the above procedures, but en?)loying, in place of the thiophenol 177, different phenols, 
thiophenols or amines 137, and/or different phosphonates 174, there are obtained the 
corresponding products 176. 

Scheme 30 illustrates the preparation of phosphonate-containing thiophenols in which the 
attached phosphonate chaia forms a ring with the thiophenol moiety. 

In this procedure, a suitably protected thiophenol 181, for example an indohne (in which X-Y 
is (CH2)2), an indole (X-Y is CH=CH) or a tetrahydroquinohne (X-Y is (CHzh) is reacted 
with a dialkyl tiifluoromethanesulfonyloxymethyl phosphonate 138, in the presence of an 
organic or inorganic base, in a polar aprotic solvent such as, for exan^^le, dimethylformamide, 
to afford the phosphonate ester 182. DqMrotection, as described above, then affords the thiol 
183. Thepreparationof tMo-substitutedindolines is described in EP 209751. Thio- 
substituted indoles, indoKnes and tetrahydroquinolines can also be obtained from the 
corresponding hydroxy-substituted compounds, for exanQ)Ie by thermal rearrangement of the 
dimethyltiiiocarbamoyl esters, as described in J. Org. Chem., 31, 3980, 1966. The preparation 
of hydroxy-substituted indoles is described in Syn., 1994, 10, 1018; preparation of hydroxy- 
substituted indolines is described in TeL Lett., 1986, 27, 4565, and the preparation of 
hydroxy-substituted tetrahydroquiaoKnes is described in J. Het. Chem., 1991, 28, 1517, and ia 
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J. Med. Chem.. 1979, 22, 599. Thio-substituted indoles, indolines and tetrahydroquinolines 
can also be obtained from the corresponding amino and bromo conqjounds, respectivety by 
diazotization, as described in Sulfur Letters, 2000, 24, 123, or by reaction of the derived 
organolitMum or magnesium derivative with sulfur, as described in Comprehensive Organic 
Functional Groiq> Preparations, A. R. Katritzky et aL, eds., Pergamon, 1995, VoL 2, p. 707. 
For example, 2,3-dihydro-lH-indole-5-thiol, 184, the preparation of which is described in EP 
209751. is converted into the benzoyl ester 185, as described above, and the ester is then 
reacted with the tiiflate 143, using the conditions described above for the preparation of 144, 
(Scheme 24), to yield the phosphonate 186. Deprotection, for example by reaction with dihite 
aqueous ammonia, as described above, then affords the thiol 187. 
Using the above procedures, but employing, in place of the thiol 184, different thiols 181, 
and/or different triflates 138, tiiere are obtained the corresponding products 183. 
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Scheme 22 
Method 



, [SHI SH 
NaP{0)(0Ri)2 




^ CH2P(0)(0R^)2 CH2P(0)(OR^.)2 

"•^^ 120 121 

Example 

SCOPh SCOPh , SCOPh 

NaP(0)(0Ri)2 
Br ^ f ^ P(0)(0Rl)2 

119 "-^^ 

123 124 125 







P(0)(0R1)2 



Scheme 23 
Method 



127 



[SH] 




H0CHRP(0){0R^)2 P*^ 



SH 



129 



XH R = H. alkyi 
128 

x=o. s 

Example 

SH STr 





.V — T ^ 

XCHRP(0)(0R^)2 XCHRP(0)(0R^)2 
130 131 

x=o. s 




OH 




HOCH2P(0){OR^)2 f^*" 
134 



SH 





132 



133 

Tr=triphenylmethyl 



135 O 136 



§"ORl 



-671- 



wo 03/090690 



PCTAJS03/12901 



Scheme 24 
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Scheme 26 
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Scheme 28 
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Scheme 30 
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Preparation of benzoic acid derivatives incorporating phosphonate moieties. 

Scheme 31 illustrates a inethod for the preparation of hydroxymethylbenzoic acid reactants in 
5 which the phosphonate moiety is attached directly to the phenyl ring. In this method, a 
suitabty protected bromo hydroxy methyl benzoic acid 188 is subjected to halogen-methyl 
exchange to afford the organometallic iatennediate 189. This conq)ound is reacted with a 
chlorodialkyl phosphite 115 to yield the phenylpho^honate ester 190, which upon 
deprotection affords the caiboxyHc acid 191. 

10 For exan^le, 4-bromD-3-hydroxy-2-methylbenzoic acid, 192, prepared by bromination of 
3-hydroxy-2-niethyIbenzoic add, as described, for example, J. Amer. Chem. Soc., SS, 1676, 
1933, is convoked into the acid chloride, for exan^le by reaction with thionyl chloride. The 
acid chloride is then reacted with 3-methyl-3-hydroxymethyloxetane 193, as described io 
Protective Groups in Organic Synthesis, by T. W. Greene and P.G.M. Wuts, Wiley, 1991, 

15 pp. 268, to afford the ester 194. This corDpound is treated with boron trifluoride at 0** to 

effect rearrangement to the orthoester 195, known as the OBO ester. This material is treated 
with a silylating reagent, for exanq>le tert-butyl cMorodimethylsilane, in the presence of a base 
such as imidazole, to yield the silyl ether 196. Halogen-metal exchange is performed by the 
reaction of 196 with butyllithium, and the litbiated intermediate is then coupled with a 
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chlorodialkyi phosphite 115, to produce the phosphonate 197* Deprotection, for exanq)le by 
treatiDent with 4-tohienesuIfonic acid in aqueous pyridine, as described in Can. J. Chem., 61, 
712, 1983, removes both the OBO ester and the silyl group, to produce the carboxylic acid 
198. 

5 Using the above procedures, but employing, in place of the bromo compound 192, different 
bromo compounds 188, there are obtained the corresponding products 191. 

Scheme 32 illustrates the preparation of hydroxymethylbenzoic acid derivatives in which the 
phosphonate nK>iety is attached by means of a one-carbon hnk. 
10 In this method, a suitably protected dimethyl hydroxybenzoic acid, 199, is reacted with a 
hroimnating agent, so as to eflfect benzylic bromination. The product 200 is reacted with a 
sodium dialkyl phosphite, 119, to effect displacement of the benzylic bromide to afford the 
phosphonate 201. 

For exanotple, 2,5-dinaethyl-3-hydroxybenzoic acid, 203, the preparation of which is described 
15 in Can. J. Chem., 1970, 48, 1346, is reacted with excess methoxynoethyl chloride, as described 
in Protective Groups in Organic Synthesis, by T.W. Greene and P.GJM Wuts, Second Edition 
1990, p. 17, to afford the ether ester 204. The reaction is performed in an inert solvent such 
as dicMoromethane, in the presence of an organic base such as N-methylmorphoBne or 
diisopropylethylamine. The product 204 is then reacted with a brominating agent, for example 
20 N-bromosuccinimdde, in an inert solvent such as, for example, ethyl acetate, at reflux, to afford 
the hromomethyl product 205. This con5)ound is then reacted with a sodium dialkyl 
phosphite 119, using the conditions described above for the preparation of 120, (Scheme 22) 
to afford the phosphonate 206. Deprotection, for exanqple by brief treatment with a trace of 
mineral acid in methanol, as described in J. ChcuL Soc. Chem. Comm., 1974, 298, then yields 
25 the carboxylic acid 207. 

Using the above procedures, but eiiq)loying, in place of the methyl compoxmd 203, different 
methyl con^WDunds 199, there are obtained the corresponding products 202. 

Scheme 33 illustrates the preparation of phosphonate-containing hydroxymethylbenzoic acids 
30 in which the phosphonate group is attached by means of an oxygen or sulfur atom. 

In this method, a suitably protected hydro^q^- or mercapto-substituted hydroxymethyl benzoic 
acid 208 is reacted, imder the conditions of the Mitsonobu reaction, with a dialkyl 
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hydroxymethyl phosphonate 134, to afford the coupled product 209, which upon deprotection 
affords the carboxyhc acid 210. 

For example, 3,6-dihydroxy-2-inethyIbeii2oic acid, 211, the preparation of which is described 
in Yakugaku Zasshi 1971, 91, 257, is converted into the diphenylmethyl est^ 212, by 
treatment with diphenyldiazonctethane, as described in Protective Groups in Organic Synthesis, 
by T. W. Greene and RGJSl Wots, Wiley, 1991, pp. 253. The product is then reacted with 
one equivalent of a silylating reagent, such as, for exarnple, tert butylchlorodimethylsilane, 
using the conditions desciibed above for the preparation of 170, to afford the mono-sityl ether 
213. Hiis confound is then reacted with a dialkyl hydroxymethylphosphonate 134, under the 
conditions of the Mitsonobu reaction, as described above for the preparation of 130, (Scheme 
23) to afford the coupled product 214. Deprotection, for exan5)le by treatment with 
trifluoroacetic acid at ambient temperature, as described in J. Chem. Soc, C, 1191, 1966, then 
affords the phenolic carboxyHc acid 215. 

Using the above procedures, but enq)loying, in place of the phenol 211, different phenols or 
thiophenols 208, there are obtained the corresponding products 210. 

Scheme 34 depicts the preparation of phosphonate esters attached to the 
hydroxymethylbenzoic acid moiety by means of unsaturated or saturated carbon chains. 
In this method, a dialkyl aBceny^hosphonate 216 is coupled, by means of a palladium 
20 catalyzed Heck reaction, with a suitably protected bromo substituted Itydroxymethylbenzoic 
acid 217. The product 218 can be deprotected to afford the phosphonate 219, or subjected to 
catatytic hydrogenation to afford the saturated con^und, which upon dqprotection affords 
the corresponding carboxyKc acid 220. 

For example, 5-hromo-3-hydroxy-2-meth!yIbeQZoic add 221, prepared as described in 
25 WO 9218490, is converted as described above, into the sflyl ether OBO ester 222. This 
compound is coupled with, for exanple, a dialkyl 4-buten-l-ylphosphonate 223, the 
preparation of which is described in L Med. Chem., 1996, 39, 949, using the conditions 
described above for the preparation of 156, (Scheme 26) to afford the product 224. 
Deprotection, or hydrogenation/deprotection, of this compound, as described above, then 
30 affords respectively the unsaturated and saturated products 225 and 227. 
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Using the above procedures, but ei][5>loymg, in place of thie hronoo con5)ound 221, different 
bronK) conqjounds 217, and/or different phosphonates 216, there are obtained the 
corresponding products 219 and 220. 

5 Scheme 35 illustrates the preparation of phosphonate esters linked to the 
hydroxymethylbenzoic add moiety by means of an aromatic ring. 

In this method, a suitably protected hromo-substituted Iq^droxymethylbCTZoic acid 217 is 
converted to the corresponding boronic acid, as described above, (Scheme 28). The product 
is subjected to a SuzuM coupling reaction, as described above, with a dialkyl bromophenyl 
10 phosphonate 229. The product 230 is then deprotected to afford the diaryl phosphonate 
product 231. 

For example, the silylated OBO ester 232, prepared as described above, (Scheme 31), is 
converted into the boronic acid 233, as described above. This material is coupled with a 
dialkyl 4-bromophenyl phosphonate 234, prepared as described in J. Chem. Soc. Perkin 

15 Trans., 1977, 2, 789, using tetrakis(tripheny]^hosphine)palladium(0) as catalyst, as described 
above for the preparation of 172, (Scheme 28) to afford the diaryl phosphonate 235. 
Deprotection, as described above, then affords the benzoic acid 236. 
Using the above procedures, but employing, in place of the faromo conq)ound 232, different 
bromo con5>ounds 217, and/or different phosphonates 229, there are obtained the 

20 corresponding carboxylic acid products 231. 
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Scheme 33 
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Scheme 34 
Method 
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Scheme 35 




236 



Preparation of tert-butylamine derivatives iBCorporating phosphonate moieties. 

Scheme 36 describes the preparation of tert-butylamines in which the phosphonate moiety is 
directly attached to the tert-butyl group. A suitably protected 2.2-dimethyl-2- 
aminoethylbromide 237 is reacted with a trialkyl phosphite, under the conditions of the 
Arbuzov reaction, as described above, to afford the phosphonate 238. 
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For exanq)le, the cbz derivative of 2.2-<liiiiethyl-2-ainmoethyIbroniide 240, is heated with a 
trialkyl phosphite at ca 150° to afiford the product 241. Deprotection, as previously described, 
then affords the firee amine 242. 

Using the above procedures, but en5)loyiDg different trisubstitated phosphites, there are 
5 obtained the corresponding amines 239. 

Scheme 37 illustrates the preparation of phosphonate esters attached to the text butylamine by 
means of a heteroatom and a carbon chain. 

An optionally protected alcohol or thiol 243 is reacted with a hronooalkyl^hosphonate 146, to 
10 afford the displacement product 244. Deprotection, if needed, then yields the amine 245. 
For exan5)le, the cbz derivative of 2-amino-2,2-dimethylethanol 246 is reacted with a dialkyl 
4-bromobutyl phosphonate 247, prepared as described in Synthesis, 1994, 9, 909, in 
dicnethylfonnamide containing potassium carbonate and potassium iodide, at ca 60° to afford 
the phosphonate 248. Deprotection then affords the free amine 249. 
15 Using the above procedures, but employing different alcohols or thiols 243, and/or different 
bromoalkylphosphonates 146, there are obtained the corresponding products 245. 

Scheme 38 describes the preparation of carbon-linked phosphonate tert butylanrine 
derivatives, in which the carbon chain can be unsaturated or saturated. 

In the procedure, a terminal acetylenic derivative of tert-butylamine 250 is reacted, under basic 
conditions, with a dialkyl chlorophosphite 115, as described above in the preparation of 1©4, 
(Scheme 21). The coupled product 251 is deprotected to afford the amine 252. Partial or 
complete catalytic hydrogenation of this compound affords the olefinic and saturated products 
253 and 254 respectively. 

For example, 2-amino-2-methy^rop-l-yne 255, the preparation of which is described in 
WO 9320804, is converted into the N-phthalinrido derivative 256, by reaction with phthalic 
anhydride, as described in Protective Groups in Organic Synthesis, by T. W. Greene and 
P.G.M. Wuts, Wiley, 1991, pp. 358. This compound is reacted with lithhun diisopropylanodde 
in tetrahydrofiiran at -78°. The resultant anion is then reacted with a dialkyl chlorophosphite 
115 to afford the phosphonate 257. Deprotection, for example by treatment with hydrazine, 
as described in J. Org. Cheno., 43, 2320, 1978, then affords the free amine 258. Partial 
catalytic hydrogenation, for example using Lindlar catalyst, as described in Reagents for 
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Organic Synthesis, by L. F. Fieser and M. Fieser, Volume 1, p. 566, produces the olefinic 
phosphonate 259, and conventional catalytic hydrogenation, as described in Organic 
Functional Group Preparations, by S.R. Sandler and W. Karo, Academic Press, 1968, p3. for 
example using 5% palladium on carbon as catalyst, affords the saturated phosphonate 260. 
5 Using the above procedures, but enjploying different acetylenic amines 2S0, there are obtained 
the corresponding products 252, 253 and 254. 

Scheme 39 illustrates the preparation of a tert butylamine phosphonate in which the 
phosphonate nK)iety is attached by means of a cyclic amine. 

10 In this method, an anodnoethyl-substituted cyclic amine 261 is reacted with a limited anoount of 
a hromoalkyl plK>sphonate 146, using, for exaii5)le, the conditions described above for the 
preparation of 147, (Scheme 25) to afford the displacement product 262. 
For example, 3-(l -amino- l-methy^)ethylpyrroIidine 263, the preparation of which is described 
in CheuL Phaim. Bull., 1994, 42, 1442, is reacted with a dialkyl 4-bromobutyl phosphonate 

15 151, prepared as described in Synthesis, 1994, 9, 909, to afford the displacement product 264. 
Using the above procedures, but en^loying different cyclfc amines 261, and/or different 
faromoalkylphosphonates 146, there are obtained the corresponding products 262. 
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Scheme 38 
Method 
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Preparation of decahydroquinoiines ivith phosphonate moieties at the 6-position. 
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Chart 6 illustrates methods for the synthesis of intermediates for the preparation of 
decahydroquinolines with phosphonate moieties at the 6-position. Two methods for the 
preparation of the intermediate 265 are shown. 

In the first route, 2-faydroxy-6-methylphenylalanine 266, the preparation of which is described 
5 in J. Med. Chem., 1969, 12, 1028, is converted into the protected derivative 267. For 
example, the carboxyhc acid is first transformed into the benzyl ester, and the product is 
reacted with acetic anhydride in the presence of an organic base such as, for exan5)le, pyridine, 
to afford the product 267, in which R is benzyL This cornpomid is reacted with a brominating 
agent, for example N-bromosuccinimide, to effect benzylic bromination and yield the product 
10 268. The reaction is conducted in an aprotic solvent such as, for exaiiq>le, ethyl acetate or 
carbon tetrachloride, at reflux. TTie brominated compound 268 is then treated with acid, for 
exanq)le dilute hydrochloric acid, to effect hydrolysis and cyclization to afford the 
tetrahydroisoquinoline 265, in which R is benzyL 

Alternatively, the tetrahydroisoquinoline 265 can be obtained fi^om 2-hydroxyphenylalanine 
15 269, the preparation of which is described in Can. J. Bioch., 1971, 49, 877. This conapound is 
subjected to the conditions of the Hctet-Spengler reaction, for exanople as described in Chem. 
Rev., 1995, 95, 1797. 

Typically, the substrate 269 is reacted with aqueous formaldehyde, or an equivalent such as 
paraformaldehyde or dimetboxymethane, in the presence of hydrochloric acid, for exarEq)le as 
20 described in J. Med. Chem., 1986, 29, 784, to afford the tetrahydroisoquinoline product 265, 
in which R is H. 

Catalytic hydrogenation of the latter conopound, using, for exain{>le, platinum as catalyst, as 
described in J. Amer. Chem. Soc., 69, 1250, 1947, or using rhodium on ahmiina as catalyst, as 
described in J. Med. Chem., 1995, 38, 4446, then gives the hydroxy-substituted 
25 decahydroisoquinoline 270. The reduction can also be performed electrochemicaliy, as 
described in Trans SAEST 1984, 19, 189. 

For exaniple, the tetrahydroisoquinoline 265 is subjected to hydrogenation in an alcoholic 
solvent, in the presence of a dilute mineral acid such as hydrochloric add, and 5% rhodium on 
alumina as catalyst. The hydrogenation pressure is ca. 750 psi, and the reaction is conducted 
30 at ca 50°, to afford the decahydroisoquinoline 270. 

Protection of the carboxyl and NH groups present in 270 for exan^le by conversion of the 
carboxylic acid into the trichloroethyl ester, as described in Protective Groups in Organic 
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Synthesis, by T. W. Greene and RG.M. Wuts, Wfley, 1991, p. 240, and conversion of the NH 
into the N-cbz group, as described above, followed by oxidation, using, for exanq)le, 
pyridinium chlorochromate and the like, as described in Reagents for Organic Synthesis, by L. 
F. Fieser and M. Fieser, Volume 6, p. 498, affords the protected ketone 276, in which R is 
5 trichloroethyl and Rj is cbz. Reduction of the ketone, for example by the use of sodium 

borohydride, as described in J. Amer. Chem. Soc, 88, 2811, 1966, or lithium tri-tertiary butyl 
aluminum hydride, as described in J. Amer. ChenL Soc, 80, 5372, 1958, then affords the 
alcohol 277. 

For example, the ketone is reduced by treatment with sodium borohydride in an alcoholic 
10 solvent such as, for example, isopropanol, at ambient temperature, to afford the alcohol 277. 
The alcohol 270 carboxyl and NH groups can be protected, for Gxsxnplc by conversion of the 
carboxylic acid into the trichloroethyl ester, as described in Protective Groups in Organic 
Synthesis, by T. W. Greene and P.G.M. Wuts, Wiley, 1991, p. 240, and by conversion of the 
NH into the N-cbz group, as described above. The protected alcohol 270 can then be 
15 converted into the thiol 271 and the amine 272, by means of displacement reactions with 

suitable nucleophiles, with inversion of stereochemistry. For exaiqple, the alcohol 270 can be 
converted into an activated ester, for example triftuoromethanesnlfonyl ester or the 
methanesulfonate ester 273, by treatment with methanesulfonyl chloride, as described above 
for the preparation of 63, (Scheme 1). The mesylate 273 is then treated with a sulfur 
20 nucleophile, for example potassium thioacetate, as described in Tet. Lett., 1992, 4099, or 

sodium thiophosphate, as described in Acta Chem. Scand., 1960, 1980, to effect displacement 
of the mesylate, followed by noflid basic hydrolysis, for example by treatment with aqueous 
anamonia, to afford the thiol 271. 

For example, the mesylate 273 is reacted with one molar equivalent of sodium thioacetate in a 
25 polar aprotic solvent such as, for exanq>le, dimethylformamide, at ambient temperature, to 

afford the thioacetate 274, in which R2 is COCHs, The product then treated with, a mild base 
such as, for example, aqueous ammonia, in the presence of an organic co-sohrent such as 
ethanol, at ambient tenq)erature, to afford the thiol 271. 

The mesylate 273 can be treated with a nitrogen nucleophfle, for example sodium phthalimide 
30 or sodium bis(trimethylsifyl)amide, as described in Comprehensive Organic Transformations, 
by R. C Larock. p, 399, to afford the amine 272. 
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For exaiiple, the mesylate 273 is reacted, as described in Angew, Chem. Int. Ed., 7, 919, 
1968, with one molar equivalent of potassium phthalimide, in a dipolar aprotic solvent, such 
as, for exaa5)le, dimethylformamide, at ambient ten5)erature, to afford the displacement 
product 275, in which NR^** is phthalimido. Removal of the phthalimido group, for exaoople 
by treatment with an alcoholic solution of hydrazine at ambient tenq)erature, as described in 
J. Org. Chem., 38, 3034, 1973, then yields the amine 272. 

The application of the procedures described above for the conversion of the P-carbinol 270 to 
the a-thiol 271 and the a-amine 272 can also be applied to the a-carbinol 277, so as to afford 
the P-thiol and p-anodne, 278. 
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Chart 6. Intermediates for the preparation of phosplionate-containing 
decahydroisoquinolines. 
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Scheme 40 illustrates the preparation of compounds in which the pbosphonate moiety is 
attached to the decahydroisoquinoline by means of a heteroatom and a carbon chain. 
In this procedure, an alcohol, thiol or amine 279 is reacted with a faromoalkyl pho^honate 
146, iinder the conditions described above for the preparation of 147 (Schrane 25), to afford 
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the displacement product 280. Deprotection of the ester group, foflowed by conversion of the 
acid to the tert. butyl amide and N-deprotection, as described below, (Scheme 44) then yields 
the amine 281. 

For exanq)Ie, the compoimd 282, in which the carboxylic acid group is protected as the 
5 trichloroethyl ester, as described in Protective Groups in Organic Synthesis, by T. W. Greene 
and P.G.M. Wuts, Wiley, 1991, p. 240, and the amine is protected as the cbz group, is reacted 
with a dialkyl S-bronaopropylphosphonate, 283, the preparation of which is described in 

■ # 

J. Amer. Chem. Soc, 2000, 122, 1554 to aJOford the displacement product 284. Deprotection 
of the ester group, followed by conversion of the acid to the tert. butyl amide and N- 
10 deprotection, as described below, (Scheme 44) then yields the acMne 285. 

Using the above procedures, but en5)loying, in place of the a-thiol 282, the alcohols, thiols or 
amines 270, 272, 277, and 278, of either a- or ^-orientation, there are obtained the 
corresponding products 281, in which the orientation of the side chain is the same as that of 
the O, N or S precursors. 

15 

Scheme 41 iQustrates the preparation of phosphonates linked to the decahydroisoquinolxDe 
moiety by means of a nitrogen atom and a carbon chain. The compounds are prq)ared by 
means of a reductive amination procedure, for example as described in Conq)rehensive 
Organic Transformations, by R. C. Larock, p. 421. 
20 In this procedure, the amines 272 or 278 are reacted with a phosphonate aldehyde 286, ni the 
presence of a reducing agent, to afford the alkylated amine 287. Deprotection of the ester 
group, followed by conversion of the acid to the tert. butyl amide and N-deprotection, as 
described below, (Scheme 44) then yields the amine 288. 

For example, the protected amino compound 272 is reacted with a dialkyl formylphosphonate 
25 289, the preparation of which is described in U.S. Patent 3,784,590, in the pres^ce of sodium 
cyanoborohydride, and a polar organic solvent such as ethanolic acetic acid, as described in 
Org. Prep. Proc. Int., 11, 201, 1979, to give the amine phosphonate 290. Deprotection of the 
ester group, followed by conversion of the add to the tert. butyl amide and N-deprotection, as 
described below, (Scheme 44) then yields the amine 291. 
30 Using the above procedures, but employing, instead of the a-amine 272, the P isomer, 278 
and/or dififerent aldehydes 286, there are obtained the corresponding products 288, in which 
the orientation of the side chain is the same as that of the amine precursor. 
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Scheme 42 depicts the preparation of a decahydroisoquinoline pho^honate in which the 
phosphonate moiety is linked by means of a sulfur atom and a carbon chaio. 
In this procedure, a thiol phosphonate 292 is reacted with a mesylate 293, to effect 
displacement of the mesylate group with inversion of stereochemistry, to afford the thioether 
product 294. Deprotection of the ester group, followed by conversion of the acid to the tert 
butyl amide and N-deprotection, as described below, (Scheme 44) then yields the amine 295. 
For exan^le, the protected mesylate 273 is reacted with an equimolar amount of a dialkyl 2- 
mercaptoethyl phosphonate 296, the preparation of which is described in Aust. J. Chem., 43, 
1123, 1990. The reaction is conducted in a polar organic solvent such as ethanol, in the 
presence of a base such as, for example, potassium carbonate, at ambient temperature, to 
afford the thio ether phosphonate 297. Deprotection of the ester group, followed by 
conversion of the acid to the tert. butyl amide and N-deprotection, as described below, 
(Scheme 44) then yields the amine 298. 

Using the above procedures, but employing, instead of the phosphonate 296, different 
phosphonates 292, there are obtained the corresponding products 295. 

Scheme 43 illustrates the preparation of decahydroisoquinoline phosphonates 299 in which the 
phosphonate group is linked by means of an aromatic or heteroaromatic ring. The compounds 
20 are prepared by means of a di^lacement reaction between hydroxy, thio or amino substituted 
substrates 300 and a bromomethyl substituted phosphonate 301. The reaction is performed in 
an aprotic solvent in the presence of a base of suitable strength, depending on the nature of the 
reactant 300. If X is S or NH, a weak organic or inorgank base such as triethylamine or 
potassium carbonate can be employed. If X is O, a strong base such as sodium hydride or 
25 lithium hexamethyldisilylazide is required. The displacen^nt reaction affords the ether, 

thioether or amine compounds 302. Deprotection of the ester group, followed by conversion 
of the acid to the t^. butyl amide and N--deprotection, as described below, (Scheme 44) then 
yields the amine 299. 

For exan^le, the protected alcohol 303 is reacted at ambient tenoperature with a dialkyl 3- 
30 bromon^thyl phenyhnethylphosphonate 304, the preparation of which is described above, 
(Scheme 29). The reaction is conducted in a dipolar aprotic solvent such as, for example, 
dioxan or dimethylformamide. The solution of the carbinol is treated with one equivalent of a 



10 



15 
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Strong base, such as, for exaDDple, lithiuin hexamethyldisylazide, and to the resultant mixture is 
added one molar equivalent of the hromomethyl phosphonate 304, to afford the product 305. 
Deprotection of the ester group, followed by conversion of the acid to the tert. butyl amide 
and N-deprotection, as described below, (Scheme 44) then yields the amine 306. 
5 Using the above procedures, but employing, instead of the P-carbinol 303, diflBarent carbinols, 
thiols or aniines 300, of either a- or ^-orientation, and/or different phosphonates 301, in place 
of the phosphonate 304, there are obtained the corresponding products 299, in whkh the 
orientation of the side-chain is the same as that of the starting material 300. 

10 Schemes 43-43 illustrate the preparation of decahydroisoquinohne esters incorporating a 
phosphonate group linked to the decahydroisoquinoline nucleus. 

Scheme 44 illustrates the conversion of the latter group of compounds 307 (in which the 
group B is link-P(0)(0R^)2 and precursor compounds thereto (in which B is an optionally 
protected precursor to the group link-P(0)(0R^)2 such as, for exanq)le, OH, SH, NH2) to the 

15 corresponding tert butyl amides 88. 

As shown in Scheme 44, the ester compounds 307 are deprotected to form the corresponding 
carboxyUc acids 308. The methods en5)loyed for the deprotection are chosen based on the 
nature of the protecting group R, the nature of the N-protecting group R^, and the nature of 
the substituent at the 6-position. For exanq)le, if R is trichtoroethyl, the ester group is 

20 removed by treatment with zinc in acetic acid, as described in J. Amer. ChencL Soc, 88, 852, 
1966. ConvCTsion of the carboxylic acid 308 to the tert. butyl amide 309 is then acconiplished 
by reaction of the carboxylic acid, or an activated derivative thereof, with tert. butylanoine, as 
described above for the preparation of 62 (Scheme 1). Deprotection of the NR^ group, as 

ft 

described above, then affords the free amme 88. 

25 
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Scheme 43 
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Scheme 44 
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Preparation of pbenylalanine deriyatives incorporating phosphonate moieties. 

Scheme 45 illustrates the conversion of variously substituted phenylalaniBe derivatives 311 
5 into epoxides 14a-l, the incorporation of which into the compounds 2 is depicted iu Scheme 
14a. 

A number of coinpounds 311 or 312, for example those in which X is 2, 3, or 4-OH, or X is 4- 
NH2 are commercially available. The preparations of different con^unds 311 or 312 are 
described in the literature. For example, the preparation of compounds 311 or 312 in which X 

10 is 3-SH, 4-SH, 3-NH2, 3-CH2OH or 4-CH2OH, are described respectivety in WO0036136, J. 
Amer. Chem. Soc., 1997, 119, 7173, Helv. Chim. Acta, 1978, 58, 1465, Acta Chem. Scand., 
1977, B31, 109 and Syn. Com., 1998, 28, 4279. Resolution of con5)ounds 311, if required, 
can be accomplished by conventional methods, for exan^le as described in Recent Dev. Synth. 
Org. Chem., 1992, 2, 35. 

15 The variously substituted aminoacids 312 are protected, for cxamplG by conversion to the 

BOC derivative 313, by treatment with BOC anhydride, as described in J. Med. Chem., 1998, 
41, 1034. The product 313 is then converted into the methyl ester 314, for example by 
treatment with ethereal diazomethane. The substituent X in 314 is then transformed, using the 
methods described below. Schemes 46-48, into the group A. Hie products 315 are then 

20 converted, via the intermediates 316-319, into the epoxides 14a-l. The methyl est^ 315 is 
first hydrolyzed, for example by treatment with one molar equivalent of aqueous methanohc 
lithium hydroxide, or by enzymatic hydrolysis, using, for example, porcine liver esterase, to 
afford the carboxylic acid 316. The conversion of the carboxylic acid 316 into the epoxide 
14a-l, for example using the sequence of reactions which is described in J. Med. Chem., 1994, 

25 37, 1758, is then effected. The carboxylic acid is first converted into the acid chloride, for 
example by treatment with oxalyl chloride, or into a mixed anhydride, for exanqple by 
treatment with isobutyl cUoroformate, and the activated derivative thus obtained is reacted 
with ethereal diazomethane, to afford the diazoketone 317. The diazoketone is converted into 
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the chloroketone 318 by reaction with anhydrous hydrogen chloride, in a suitable solvent such 
as diethyl ether. The latter coiopound is then reduced, for exanople by the use of sodium 
borohydride, to produce a mixture of chlorohydrins from which the desired 2S, 3S 
diastereomer 319 is separated by chromatography. This material is reacted with ethanoKc 
5 potassium hydroxide at ambient tenq)erature to afford the epoxide 14a-l. Optionally, the 
above described series of reactions can be performed on the methyl ester 314, so as to yield 
the epoxide 14a-l in which A is OH, SH, NH, Nalkyl or CH2OH. 

Methods for the transformation of the compounds 314, in which X is a precursor group to the 
substituent Hnk-P(0)(0R^)2, are illustrated in Schemes 46-48. 

10 

Scheme 46 depicts the preparation of epoxides 322 incorporating a phosphonate group linked 
to the phenyl ring by means of a heteroatom O, S or N. In this procedure, the phenol, thiol, 
amine or carbinol 314 is reacted with a derivative of a dialkyl hydroxymethyl phosphonate 
320. The reaction is accon5)lished in the presence of a base, the nature of which depends on 

15 the nature of the substituent X. For example, if X is OH, SH, NH2 or NHalkyl, an inorganic 
base such as cesium carbonate, or an organic base such as diazabicyclononene, can be 
employed. If X is CH2OH, a base such as lithium hexamethyldisifylazide or the like can be 
en^loyed. The condensation reaction affords the phosphonate-substituted ester 321, which, 
employiag the sequence of reactions shown in Scheme 45, is transformed into the epoxide 

20 322. 

For example, 2-t^.-butoxycarbonylamino-3-(4-hydroxy-phenyl)rpropionic acid methyl ester, 
323 (Fluka) is reacted with a dialkyl triftuoronaethanesulfonyloxy phosphonate 138, prepared 
as described in Tet. Lett., 1986, 27, 1477, in the presence of cesium carbonate, in 
dimethylformamide at ca 60*", to afford the ether product 324. The latter cong>ound is then 
25 converted, using the sequence of reactions shown in Scheme 45, into the epoxide 325. 

Using the above procedures, but employing different phenols, thiols, ammes and carbinols 314 
in place of 323, and/or dififerent phosphonates 320, the corresponding products 322 are 
obtained. 

30 Scheme 47 illustrates the preparation of a phosphonate moiety is attached to the phenylalanine 
scaffold by means of a heteroatom and a multi-carbon chaio. 
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Id this procedure, a substituted phenylalanine derivative 314 is reacted with a dialkyl 
bronsoalkyl phosphonate 146 to afford the product 326. The conditions employed for this 
reaction are the same as those described above for the preparation of 148, (Scheme 25) The 
product 326 is then transfonned, using the sequence of reactions shown in Scheme 45, into the 
5 epoxide 327. 

For exaiEple, the protected aminoacid 328, prepared as described above (Scheme 45) from 3- 
mercaptophenylalanine, the preparation of which is described in WO 0036136, is reacted with 
a dialkyl 2-bromoethyl phosphonate 329, prepared as described in Synthesis, 1994, 9, 909, in 
the presence of cesium carbonate, in dimethylformamide at ca 60', to afford the thioether 
10 product 330. The latter compound is then converted, using the sequence of reactions shown 
in Scheme 45, into the epoxide 331. 

Using the above procedures, but enploying different phenols, thiols, and amines 314 in place 
of 328, and/or different phosphonates 146, the corresponding products 327 are obtained. 

15 Scheme 48 depicts the preparation of phosphonate-substituted phenylalanine derivatives in 
which the phosphonate moiety is attached by means of an aBcylene chain incoiporating a 
heteroatom. 

In this procedure, a protected hydroxymethyl-substituted phenylalanine 332 is converted into 
the halomethyl-substituted compound 333. For exan5)le, the carbinol 332 is treated with 

20 triphenylphosphine and carbon tetrabromide, as described in J. Amer. Chem Soc, 108, 1035, 
1986 to afford the product 333 in which Z is Br. The bromo compound is then 
reacted with a dialkyl terminally hetero-substituted alkylphosphonate 334. The reaction is 
accomplished in the presence of a base, the nature of which depends on the nature of the 
substituent X. For example, if X is SH, NH2 or NHalkyl, an inorganic base such as cesium 

25 carbonate, or an organic base such as diazabicyclononene, can be employed. If X is OH, a 
strong base such as lithium hexamethyldisilylazide or the like can be en^loyed. The 
condensation reaction affords the phosphonate-substituted ester 335, which, eroployiog the 
sequence of reactions shown in Scheme 45, is transformed into the epoxide 336. 
For exanq>Ie, the protected 4-hydroxymethyl-substituted phenylalanine derivative 337, 

30 obtained from the 4-hydroxymethyl phenylalanioe, the preparation of which is described in 
Syn. Comm., 1998, 28, 4279, is converted into the bromo derivative 338, as described above. 
The product is then reacted with a dialkyl 2-aminoethyl phosphonate 339, the preparation of 
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which is described in J. Org. Chem., 2000, 65, 676, in the presence of cesium carbonate in 
dimethylformanride at ambient temperature, to afford the amine product 340. The latter 
compound is then converted, using the sequence of reactions shown in Scheme 45, into the 
epoxide 341. 

Using the above procedures, but employing different carbinols 332 in place of 337, and/or 
different phosphonates 334, the corresponding products 336 are obtained. 

Scheme 45 




O 



O 



OH 



BOCNHv.^ 



OH 



or 



312 



X = OH, SH, NHa, NHalkyI, CH2OH 



X 
313 



O 



O 



OCH3 



OCH3 





X 
314 



O O 
BOCNH.^Aq^ BOCNH.,,^, 



CHN2 





O OH 
BOCNH^^^^., BOCNH^^^^pOCNH^ 





318 



A 
319 




-701- 



wo 03/090690 



PCTAJS03/12901 



Scheme 46 



Method 

d O 
LvCHRP(0)(0R^)2 





g X XCHRP(0)(ORl)2 XCHRP(0)(0R1)2 

X = OH, SH, NH2, NHalkyI, CH2OH ^ 



Example 



BOCNH^ 

^ 138 

TfOCH2P(0)(OR^)2 

HO-^ 

323 



...o 



BCX3NH.^QP BOCNH^^^ 



(R^ 0)2P(0)CH20 ^ ^ 0CH2P(0)(0R^ )2 

324 325 



-702- 



wo 03/090690 



PCT/US03/1290I 



Scheme 47 
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Scheme 48 
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Katerconv^ons <^the phosphonates R-link-P(OXOR^)2, R-Iink-P(0)(OR')(0]^ and R- 
link.P(0)(0H)2. 

Schemes 1-48 desoibe tbe prq>aratioiis of phospbonate estess of the general structure R-link- 

P(0)(OR^)2, in which the groups R', the structures of which are defined in Chart 1, may be the 

same or different. The R' groups attached to phospbonate esters l-4a, or to precursors thaeto, 
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may be changed using established chemical transformations. The interconversions reactions of 
phosphonates are illustrated in Scheme 49. The group R in Scheme 49 represents the 
substructure to which the substituent ]ink-P(0)(OR^)2 is attached, either in the compounds 1- 
4a or in precursors thereto^ The group may be changed, using the procedures described 
5 below, either in the precursor compounds, or in the esters l-4a. The methods employed for a 
given pho^honate transformation depend on the nature of the substituent R' . The preparation 
and hydrolysis of phosphonate esters is described in Organic Phosphorus Compounds, G. M. 
Kosolapoff, L. Maeir, eds, Wiley, 1976, p. 9ff. 

The conversion of a phosphonate diester 342 into the corresponding phosphonate monoester 

10 343 (Scheme 49, Reaction 1) can be accomplished by a number of methods. For example, the 
ester 342 in which R^is an aralkyl group such as benzyl, can be converted into the monoester 
cornpound 343 by reaction with a tertiary organic base such as diazabicyclooctane (DABCO) 
or quinuchdine, as described in J. Org. Chem., 1995, 60, 2946. The reaction is performed in 
an inert hydrocarbon solvent such as toluene or xylene, at about 110". The conversion of the 

15 diester 342 in which R^is an aryl group such as phenyl, or an alkenyl group such as allyl, into 
the monoester 343 can be effected by treatment of the ester 342 with a base such as aqueous 
sodium hydroxide in acetonitrile or Hthium hydroxide in aqueous tetrahydrofuran. 
Phosphonate diesters 343 in which one of the groups R^is aralkyl, such as benzyl, and the 
other is alkyl, can be converted into the monoesters 343 in which R^is alkyl by hydrogenation, 

20 for exan5)le using a palladium on carbon catalyst. Phosphonate diesters in which both of the 
groups RWe alkenyl, such as altyl, can be converted into the monoester 343 in which R'is 
alkenyl, by treatment with chlorotris(triphenylphosphine)rhodium (Wilkinson's catalyst) in 
aqueous ethanol at reflux, optionally m the presence of diazabicyclooctane, for exaiqple by 
using the procedure described in J. Org. Oiem., 38 3224 1973 for the cleavage of allyl 

25 carboxylates. 

The conversion of a phosphonate diester 342 or a phosphonate monoester 343 into the 
corresponding phosphonic acid 344 (Scheme 49, Reactions 2 and 3) can effected by reaction 
of the diester or the monoester with trimethylsilyl bromide, as desoribed in J. Chem. Soc., 
Chem. Comm., 739, 1979. The reaction is conducted in an inert solvent such as, for exanq>le, 
30 dichloromethane, optionally in the presence of a silylating agent such as 

bis(trimethylsilyl)trifluoroacetamide, at ambient tenqperature. A phosphonate monoester 343 
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in which R^is aralkyl such as benzyl, can be converted into the corresponding phosphonic acid 
344 by hydrogenation over a paDadium catalyst, or. by treatment with hydrogen chloride in an 
ethereal solvent such as dioxan. A phosphonate monoester 343 in which R^is alkenyl such as, 
for example, aDyl, can be converted into the phosphonic acid 344 by reaction with '^^Bdnson's 
5 catalj^t in an aqueous organic solvent, for exanq>le in 15% aqueous acetonitrile, or in aqueous 
ethanol, for example using the procedure described in Helv. Chim. Acta., 68, 618, 1985. 
Palladium catalyzed hydrogenolysis of phosphonate esters 342 in which R^is benzyl is 
described in J. Org. Chem., 24, 434, 1959. Platinum-catalyzed hydrogenolysis of phosphonate 
esters 342 in which R^ is phenyl is described in J. Amer. Chem. Soc, 78, 2336, 1956. 

10 The conversion of a phosphonate monoester 343 into a phosphonate diester 342 (Scheme 49, 
Reaction 4) in which the newly introduced Regroup is alkyl, aralkyl, haloalkyl such as 
chloroethyl, or aralkyl can be effected by a number of reactions in which the substrate 343 is 
reacted with a hydroxy confound R^OH, in the presence of a coupling agent. Suitable 
coupling agents are those eiiq>loyed for the preparation of carboxylate est^s, and include a 

15 carbodiimide such as dicyclohexylcarbodiimide, in which case the reaction is preferably 
conducted in a basic organic solvent such as pyridine, or (benzotriazol-1- 
yloxy)tripyrrolidinophosphoniumhexafluorophosphate (PYBOP, Sigma), in which case the 
reaction is performed in a polar solvent such as dimethylformamide, in the presence of a 
tertiary organic base such as diisopropylethylamine, or Aldrithiol-2 (Aldrich) in which case the 

20 reaction is conducted in a basic solvent such as pyridine, in the presence of a triaryl phosphine 
such as triphenylphosphine. Alternatively, the conversion of the phosphonate monoester 342 
to the diester 342 can be effected by the use of the Mitsonobu reaction, as described above 
(Scheme 16). The substrate is reacted with the hydroxy compound R^OH, in the presence of 
' diethyl azodicarboxylate and a tiiarylphosphine such as triphenyl phosphine. Attematively, the 

25 phosphonate monoester 343 can be transformed into the phosphonate diester 342, in which 
the introduced R^ group is alkenyl or aralkyl, by reaction of the monoester with the halide 
R^Br, in which R^ is as alkenyl or aralkyl. The alkylation reaction is conducted in a polar 
organic solvent such as dimethylformamide or acetonitrile, in the presence of a base such as 
cesium carbonate. Alternatively, the phosphonate monoester can be transformed into the 

30 phosphonate diester in a two step procedure. In the first step, the phosphonate monoester 343 
is transfom^ into the chloro analog RP(0)(OR^)a by reaction with thionyl chloride or 
oxalyl chloride and the like, as described in Organic Phosphorus Conqpounds, G. M. 
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Kosol^fif, L. Maeir, eds, Wiley, 1976, p. 17, and the thus-obtained product RP(0)(OR')a is 
then reacted with the hydroxy conq>oiuid R^OH, in the presence of a base such as 
trieth^amine, to afford the phosphonate diest^ 342. 

A phosphonic acid R-link-P(0)(0H)2 can be transformed into a phosphonate monoester 
5 RP(0)(OR^)(OH) (Scheme 49, Reaction 5) by means of the methods described above of for 
the preparation of the phosphonate diester R-link-P(0)(0R^)2 342, except that only one nK>lar 
proportion of the component R^OH or R^Br is employed. 

A phosphonic acid R-link-P(0)(0H)2 344 can be transformed into a phosphonate diester Rr 
link-P(0)(0R^)2 342 (Scheme 49, Reaction 6) by a coupling reaction with the hydroxy 

10 con^und R^OH, in the presence of a coupling agent such as Aldrithiol-2 (Aldrich) and 
triphenylphosphine. The reaction is conducted in a basic solvent such as pyridine. 
Alternatively, phosphonic acids 344 can be transfomoed into phosphonic esters 342 in which 
R^ is aryl, by means of a coupling reaction employing, for example, dicyclohexylcarbodiimide 
in pyridine at ca 70\ Alternatively, phosphonic acids 344 can be transformed into phosphonic 

IS esters 342 in which R' is alkenyl, by means of an alkylation reaction. The phosphonic acid is 
reacted with the alkenyl bromide R^Br in a polar organic solvent such as acetonitrile solution 
at reflux temperature, the presence of a base such as cesium carbonate, to afford the 
phosphonic ester 342. 

20 Preparation of carbamates. 

* 

The phosphonate ester con9>ounds 2-4a in which the R^ CO group is derived from the 
carbonic acid derivatives C38-C49, the structures of which are shown in Chart 4c, are 
carbamates. The compounds have the general structure R(X!)ONHR*, wherein the 

25 substructure ROCO represents the group R^CO, as defined in Chart 4c, and the substituent R* 
represents the substructure to which the amine group is attached. The preparation of 
carbaomtes is described in Con^rehensive Organic Functional Group Transformations, A. R. 
Katritzky, ed., Pergamon, 1995, VoL 6, p. 416ff, and in Organic Functional Group 
Preparations, by S. R. Sandler and W. Karo, Academic Press, 1986, p. 260ff. 

30 Scheme 50 illustrates various methods by which the carbamate linkage can be synthesized. As 
shown in Scheme 50, in the general reaction generating carbamates, a carbinol 345 is 
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converted into the activated derivative 346 in which Lv is a leaving group such as halo, 
imidazolyl, benztriazolyl and the like, as described below. The activated derivative 346 is then 
reacted with an amine 347, to afford the carbamate product 348. Examples 1 - 7 in Scheme 
50 depict methods by which the general reaction can be effected. Examples 8-10 illustrate 
5 alternative methods for the preparation of carbamates. 

Scheme 50, Example 1 illustrates the preparation of carbamates enq)loying a chloroformyl 
derivative of the carbinol 349. In this procedure, the carbinol 349 is reacted with phosgene, in 
an inert solvent such as toluene, at about C*, as described in Org. Syn. Coll. VoL 3, 167, 1965, 
or with an equivalent reagent such as trichloromethoxy chloroformate, as described in Org. 

10 Syn. CoH VoL 6, 715, 1988, to afford the chloroformate 350. The latter compound is then 
reacted with the anaine component 347, in the presence of an organic or inorganic base, to 
afford the carbamate 351. For exan5)le, the chloroformyl con5)ound 350 is reacted with the 
amine 347 in a water-miscible solvent such as tetrahydrofuran, in the presence of aqueous 
sodium hydroxide, as described in Org. Syn. CoH Vol. 3, 167, 1965, to yield the carbamate 

15 351. Alternatively, the reaction is preformed in dicMoromethane in the presence of an organic 
base such as diisopropylethylamine or dimethylaminopyridine.. 
Scheme 50, Exanfiple 2 depicts the reaction of the chlorofonnate compound 350 with 
imidazole, 351, to produce the imidazolide 352. The imidazolide product is then reacted with 
the amine 347 to yield the carbamate 351. The preparation of the imidazolide is performed in 

20 an aprotic solvent such as dichloromethane at 0**, and the preparation of the carbamate is 
conducted in a simflar solvent at ambi^t teiiq>erature, optionally in the presence of a base 
such as dimethylaminopyridine, as described in J. Med. Chem., 1989, 32, 357. 
Scheme 50 Exanqple 3, depicts the reaction of the chloroformate 350 with an activated 
hydroxyl compound R"OH, to yield the mixed carbonate ester 354. The reaction is conducted 

25 in an inert organic solvent such as eth^ or dichloromethane, in the presence of a base such as 
dicyclohexylamine or triethylamine. The hydroxjd component R"OH is selected from the group 
of compounds 363 - 368 shown in Scheme 50, and similar compounds. For example, if the 
component R"OH is hydroxybenztriazole 363, N-hydroxysucdnimide 364, or 
pentachlorophenol, 365, the noixed carbonate 354 is obtained by the reaction of the 

30 chloroformate with the hydroxyl compound in an ethereal solvent in the presence of 

dicyclohexylamine, as described in Can. J. Chem., 1982, 60, 976. A similar reaction in which 
the conq>onent R"OH is pentaftuoropbenol 366 or 2-hydroxypyridine 367 can be performed in 
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an ethereal solvent in the presence of triethylamine, as described in Syn., 1986, 303, and 
Chem. Ben 118, 468, 1985. 

Scheme 50 Example 4 illustrates the preparation of carbamates in which an 
alkyloxycarbonylimidazole 352 is enoployed. In this procedure, a carbinol 349 is reacted with 
5 an eguimolar amount of carbonyl diimidazole 355 to prepare the intermediate 352. The 
reaction is conducted in an aprotic organic solvent such as dichloronoethane or 
tetrahydrofiiran. The acyloxyimidazole 352 is then reacted with an equimolar amount of the 
amine R^NHz to afford the carbamate 351. The reaction is performed in an aprotic organic 
solvent such as dichloromethane, as described in Tet. Lett, 42, 2001, 5227, to afford the 
10 carbamate 351. 

Scheme 50, Exancqple 5 illustrates the preparation of carbamates by means of an intennediate 
alkoxycarbonylbenztriazole 357. In this procedure, a carbinol ROH is reacted at ambient 
tenoperature with an equimolar amount of benztriazole carbonyl chloride 356, to afford the 
alkoxycarbonyl product 357. The reaction is performed in an organic solvent such as benzene 
15 or toluene, in the presence of a tertiary organic amine such as triethylamine, as described in 
Syn., 1977, 704. This product is then reacted with the anune R'NH2 to afford the carbamate 
351. The reaction is conducted in toluene or ethanol, at from ambient ten5)ei:ature to about 
80** as described in Syn., 1977, 704. 

Scheme 50, Example 6 illustrates the preparation of carbamates in which a cazbonate 
20 (R"0)2C0, 358, is reacted with a caibinol 349 to afford the intermediate alkyloxycarbonyl 
intennediate 359. The latter reagent is then reacted with the amine KNHz to afford the 
caifoanKite 351. The procedure in which the reagent 359 is derived from hydroxybenztriazole 
363 is described in Synthesis, 1993, 908; the procedure in which the reagent 359 is daived 
fiomN-hydroxj^cdnimide 364 is described in Tet. Lett., 1992, 2781; the procedure in which 
25 the reagent 359 is derived from 2-hydroxypyridine 367 is described in Tet. Lett., 1991, 425 1 ; 
the procedure in which the reagent 359 is derived from 4-nitr6phenol 368 is described in Syn. 
1993, 103. ITie reaction between equimolar amounts of the carbinol ROH and the carbonate 
358 is conducted in an inert organic solvent at anibimt temperature. 
Scheme 50, Example 7 illustrates the preparation of carbamates from alkoxycarbonjd azides 
30 360. In this procedure, an alkyl cMoroformatc 350 is reacted with an azide, for exan5)le 
sodium azide, to afford the alko^cari>onyl azide 360. The latter conpoimd is then reacted 
with an equinK>lar amount of the amine KNH2 to afford the carbamate 351. The reaction is 

-709- 




wo 03/090690 



PCTAJS03/12901 



conducted at ambient tenoperature in a polar aprotic solvent such as din^thylsulfoxide, for 
exanple as described in Syn., 1982, 404. 

Scheme 50, Example 8 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and the cWoroformyl derivative of an amine. In this procedure, 

5 which is described in Synthetic Organic Chemistry, IL B. Wagner, H. D. Zook, Wiley, 1953, 
p, 647, the reactants are combined at ambient ten^rature in an aprotic solvent such as 
acetonitrile, in the presence of a base such as triethylamine, to afford the carbamate 351. 
Scheme 50, Example^ 9 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and an isocyanate 362. In this procedure, which is described in 

10 Synthetic Organic Chemistry, R* B. Wagner, H. D. Zook, Wiley, 1953, p. 645, the reactants 
are combined at ambient tenq)erature in an aprotic solvent such as ether or dichloromethane 
and the like, to afford the carbamate 351. 

Scheme 50, Example 10 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and an amine R'NH2- hi this procedure, which is described in ChenL 
15 Lett. 1972, 373, the reactants are combined at anibient temperature in an aprotic organic 
solvent such as tetrahydrofuran, in the presence of a tertiary base such as triethylamine, and 
selenium. Carbon monoxide is passed through the solution and the reaction proceeds to afford 
the carbamate 351. 
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Scheme 50 
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General applicability of methods for introduction of phosphonate substitoents* 

The above-described methods for the preparation of phosphonate-substituted thiols. Schemes 
5 20 to 30, can, with appropriate modifications according to the knowledge of one skilled in the 
art, be applied to the preparation of phosphonate-substituted benzoic acids, , tert-butylamines, 
decahydroisoquinolines and phenylalanines. • 

Similarly, preparative n^thods described above for phosphonate-substituted benzoic acids, 
t^-butylamines, decahydroisoquinolines and phenylalanines, Schemes 31 to 48, can, with 
10 appropriate modiQcations according to the knowledge of one skilled in the art, be applied to 
the preparation of phosphonate-substituted thiophenols. 

Pr^aration of compounds l-4a with phosphonate moieties attached to any 
substructural component. 

15 

The chemical transformations described in Schemes 1-50 illustrate the preparation of 
compounds 1-4 in which the phosphonate ester moiety is attached to the hydroxymethyl 
benzoic acid group (Schemes 1-3), the phenylthio moiety (Schemes 4-6), the amine moiety 
(Schemes 7-9), the decahydroisoquinoline moiety (Schemes 10-12) and the phenyl moiety 

20 (Schemes 10-14b). 

Charts 2-4 iQustrate various chemical substructures that may be substituted for the 
phosphonate-containing moieties. For exajoople, in Chart 2, substructures 6, 7 and 8-20e may 
be substituted for the decahydroisoquinoline moiety, and in Chart 3, substructures 21-26 may 
be substituted for the group CH2XR* in coii5)Ounds 1-4. Charts 4a-c illustrate the structures 

25 of the compounds R^COOH which may be incorporated into the phosphonate esters 2-4. 
By utilization of the methods described herein for the preparation of, and incorporation of 
phosphonate-containing moieties, and by the application of the knowledge of one skilled in the 
art, the phosphonate ester moieties described herein may be incorporated into the amines 6, 7, 
and 8-20, into the groups 21-26, and into the carboxylic adds, or functional equivalents 

30 thereof, with the structures C1-C49. Subsequently, the thus-obtained phosphonate-ester 
containing moieties may, utilizing the procedures described above in Schemes 1*145, be 
incorporated into the coii5)Ounds represented by the formula 4a (Chart 1) in which one of the 
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groups R^NHCR^, R'*, or Bu* contains a phosphonate group of the general formula link- 
P(0)(OR')2. 

LopiDavir-Hke phosphonate protease inhibitors (UJPPD 

5 

Preparation of the intermediate phosphonate esters. 

The structures of the intermediate phosphonate esters 1 to 5 and the structures for the 
component groups R^of this invention are shown in Chart 1. 

The structures of the R^COOH and R^CX)H conoponents CI- C49 are shown in Charts 2a, 2b 
10 and 2c. Specific stereoisomers of some of the structures are shown in Charts 1, and 2; 

however, aH stereoisomers are utilized in the syntheses of the corcpounds 1 to 5. Subsequent 
chemical modifications to the connpounds 1 to 5, as described herein, permit the synthesis of 
the final compounds of this invention. 

The intermediate conipounds 1 to 5 incorporate a phosphonate moiety connected to the 
15 nucleus by means of a variable linking group, designated as "hnk" in the attached structures. 
Charts 4 and 5 illustrate exanq>Ies of the linking groups present in the structures 1 ~ 5, and in 
which "etc** refers to the scaffold, e.g., lopinavir. 

Schemes 1-33 illustrate the syntheses of the intermediate phosphonate compounds of this 
invention, 1- 3, and of the intermediate coiiq>ounds necessary for their synthesis. The 
20 preparation of the phosphonate esters 4 and 5, in which the phosphonate moiety is 

incorporated into different mendbers of the groups R^COOH and R^COOH, is also described 
below. 
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Chart 1 Intermediate phosphronate esters 
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C20 



R4 O 
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O H 




R4 O 



R4 o 
O " 
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O O O 




HO 




C24 



FT* = alky), CH2S02CH3,C(CH3)2S02CH3,CH2C0NH2. CH2SCH3, imiclaz-4-ylmethyl, 
CHaNHAc, CH2NHCOCF3 
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C35 C36 C37 



= allcyl, CH2S02CH3,C(CH3)2S02CH3,CH2CX)NH2, CH2SCH3. imlda2-4-y!methyl, CHgNHAc. 
CH2NHCOCF3 
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Chart 2c Structures of the R^COOH and R^COOH components 

Co ? O Me 



HO a 

C38 C39 C40 



o o 

C42 C43 





Me 
C41 




C44 C45 



Q O 



C46 C47 C48 C49 



-719- 



wo 03/090690 



PCT/US03/12901 



Chart 4 Examples of the linking group between the scaffold and the phosphonate moiety, 
link examples 



direct bond 



single carbon 



multiple carbon 



hetero atoms 
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Chart 5 Examples of the linking group between the scaffold and the phosphonate moiety. 




Protection of reactive substituents. 

Depending on the reaction conditions employed, it may be necessary to protect certain 
reactive Substituents from unwanted reactions by protection before the sequence described, 
and to deprotect the substituents afterwards, according to the knowledge of one skilled in the 
art. Protection and deprotection of functional groups are described, for exati5)le, in Protective 
Grovqps in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990. 
Reactive substituents which roay be protected are shown in the accompanying schemes as, for 
exau5)le, [OH], [SH]. 

Preparation of the phosphonate intermediates !• 

Two methods for the preparation of the phosphonate intermediate conq>ounds 1 are shown in 
Schemes 1 and 2. The selection of the route to be en5)loyed for a given compound is made 
after consideration of the substituents which are present, and their stabiKty under the reaction 
conditions required. 
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As shown in Scheme 1, 5-amino-2-dibenzylainmo-l,6-diphenyl-hexan-3-ol, the 
preparation of which is described in Org. Process Res. Dev., 1994, 3, 94, is reacted with a 
carboxylic acid R^COOH, or an activated derivative 1J2 thereof, to produce the amide 1.3. 
The preparation of amides from carboxylic acids and derivatives is described, for example, in 
5 Organic Functional Group Preparations, by S.R. Sandler and W. Karo, Academic Press, 1968, 
p. 274, and Comprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 972ff. 
The carboxylic acid is reacted with the amine in the presence of an activating agent, such as, 
for exanq>le, dicyclohexylcarbodiiroide or diisopropylcarbodiimide, optionally in the presence 
of hydroxybenztriazole, in a non-protic solvent such as, for example, pyridine, DMF or 
10 dicMoromethane, to afford the amide. 

Alternatively, the carboxylic acid may first be converted iuto an activated derivative such as 
the acid chloride, anhydride, mixed anhydride, imidazolide and the like, and then reacted with 
the amine, in the presence of an organic base such as, for exaniple, pyridine, to afford the 
* amide. 

15 The conversion of a carboxylic acid into the corresponding acid chloride can be efiFected by 
treatment of the carboxylic acid with a reagent such as, for example, thionyl chloride or oxalyl 
chloride in an inert organic solvent such as dichloron^thane. 

Preferably, the carboxyHc acid is converted into the acid chloride 1.2, X = Q, and the latter 
conq>ound is reacted with an equimolar anK)imt of the amine 1.1, in an aprotic solvent such as, 

20 for example, tetrahydrofuran, at ambient tenq>erature. The reaction is conducted in the 
pres&Qce of an orgemic base such as triethylamine, so as to afford the amide product 1.3. 
The N, N-dibenzylanmno anoide product 1.3 is then transformed into the free amine conq)ound 
1.4 by means of a debenzylation procedure. The deprotectk>n of N-benzyl amines is 
described, for example, in Protective Groups in Organic Synthesis, by T.W. Greene and 

25 P.G.M Wuts, Wiley, Second Edition 1990, p. 365. The transformation can be effected under 
reductive conditions, for exanople by the use of hydrogen or a hydrogen transfer agent, in the 
presence of a palladium catalyst, or by treatment of the N-benzyl amine with sodium in liquid 
ammonia, or under oxidative conditions, for example by treatment with 3- 
chloroperoxybenzoic acid and ferrous chloride. 

30 Preferably, the N, N-dibenzyi con5>ound 13 is converted into the amine 1.4 by means of 
hydrogen transfer catalytic hydrogenolysis, for exanq>le by treatment with methanolic 
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anunonium formate and 5% palladiuin on carbon catafyst» at ca. 75'' for ca. 6 hours, for 
exan5)le as described in U.S. Patent 5,914,332. 

The thus-obtained amine 1.4 is then transformed into the amide 1.5 by reaction with the 
carboxylic add 1.6, or an activated derivative thereof, in which the sutetituent A is either the 
5 group link-P(0)(0R')2 or a precursor thereto, such as [OH], [SH], [NH], [CHO], Br, as 

described below. Preparations of the carboxyhc adds 1.6 are described below. Schemes 9-14. 
The amide-forming reaction is conducted under similar conditions to those described above for 
the preparation of the amide 13. 

Preferab]^, the carboxylic acid 1.6 is converted into the acid chloride, and the acid chloride is 
10 reacted with the amine 1.4 in a solvent mixture composed of an organic solvent such as ethyl 
acetate, and water, in the presence of a base such as sodium bicarbonate, for example as 
described in Org. Process Res. Dev., 2000, 4, 264, to afford the amide product 1.5. 
Alternatively, the amide 1.5 can be obtained by the procedure shown in Scheme 2. In this 
method, 2-tert-butoxycarbonylamino-5-methyl-l,6-diphenyl-hexan-3-ol, 2.1, the preparation 
15 of which is described in U.S. Patent 5,4912,53, is reacted with the carboxylic acid 1.6, or an 
activated derivative thereof in which the substituent A is either the group link-P(0)(0R^)2 or 
a precursor thereto. The reaction is conducted under similar conditions to those described 
above for the preparation of the amides 13 and 1.5. 

Preferably, equimolar amounts of the amine 2.1 and the carboxylic acid 1.6 are reacted in 
20 dimethylformamide in the presence of a carbodiimide, such as, for example, 1- 

dimethylaminopropyl-3-ethylcarbodiimide, as described, for Gxmsple, in U.S. Patent 
5,914,332, to yield the amide 2.2. 

The tert-butoxycaibonyl OBOC) protecting group is then removed from the jwroduct 2.2 to 
afibrd the free amine 23. The removal of BOC protecting groups is described, for example, in 
25 Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second 
Edition 1990, p. 328. The deprotection can be effected by treatment of the BOC comqpound 
with anhydrous acids, for example, hydrogen chloride or trifluoroacetic acid, or by reaction 
with trimethylsilyl iodide or alumiuum chloride. 

Preferably, the BOC group is removed by treatment of the substrate 2.2 with trifluoroacetic 
30 acid in dichloromethane at ambient tenq)erature, for example as described in U.S. Patent 
5,9142,32, to afford the free amine product 23. 
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The amine product 2.3 is then reacted with the acid R^COOH 2.4, or an activated derivative 
thereof, to produce the audde 2.5. This reaction is conducted under simflar conditions to 
those described above for the preparation of the amides 1.3 and 1*5. 
Preferably, equimolar amounts of the amine 2.3 and the carboxylic add 2.4 are reacted in 
5 dimethylformamide in the presence of a carbodiimide, such as, for exanci^le, 1- 

dimethylaminopropyl-3-ethylcarbodiimide, as described, for exan^le, in U.S. Patent 
5,914332, to yield the amide 1.5. 

The reactions illustrated in Schemes 1 and 2 illustrate the preparation of the compounds 1.5 in 
10 which A is either the group ]ink-P(0)(0R^)2 or a precursor thereto, such as, for exan5>le, 
optionally protected OH, SH, NH , as described below. Scheme 3 depicts the conversion of 
the conq)Ounds 1.5 in which A is OH, SH, NH , as described below, into the conipounds 1 in 
which A is the group link-P(0)(0R^)2. In this procedure, the con5)Ounds 1.5 are converted, 
usinig the procedures described below. Schemes 9-33, into the compounds 1. 

15 

Preparation of the phosphonate intermediates 2. 

Two methods for the preparation of the phosphonate intermediate confounds 2 are shown in 
Schemes 4 and 5. The selection of the route to be en5)loyed for a given compound is made 
20 after consideration of the substituents which are present, and their stability under the reaction 
conditions required. 

As depicted in Scheme 4, the tribenzylated phenylalanine derivative 4.1, in which the 
substituent A is either the group ]ink-P(0)(0R^)2 or a precursor thereto, as described below, is 
reacted with the anion 4.2 derived from acetonitiile, to aJGford the ketonitrile 4.3. Preparations 

25 of the tribenzylated phenylalanine derivatives 4.1 are described below. Schemes 15-17. 

The anion of acetonitrile is prepared by the treatment of acetonitrfle with a strong base, such 
as, for exanple^ Uthium hexamethyldisilylazide or sodium hydride, in an inert organic solvent 
such as tetrahydrofuran or dimethoxyethane, as described, for exanq)le, in U.S. Patent 
5,491,253. The solution of the acetonitrile anion 4.2, in an aprotic solvent such as 

30 tetrahydrofuran, dimethoxyethane and the Uke, is then added to a solution of the ester 4.1 at 
low temperature, to afford the coupled product 43. 
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Preferably, a solution of ca. two molar equivalent of acetonitiile, prepared by the addition of 
ca* two molar equivalent of sodium amide to a solution of acetonitrile in tetrahydroiuran at 
-40", is added to a solution of one molar equivalent of the ester 4.1 in tetrahydrofuran at -40"*, 
as described in J. Org. Chem., 1994, 59, 4040, to produce the ketonitrile 43, 
The above-described ketonitrile compound 43 is then reacted with an organometallic benzyl 
reagent, such as a benzyl Grignard reagent or benzyDithium, to afford the ketoenamine 4^. 
The reaction is conducted in an inert aprotic organic solvent such as diethyl ether, 
tetrahydrofuran or the like, at from -80** to ambient temperature, to yield the benzylated 
product 4^. 

Preferably, the ketonitrile 4.3 is reacted with three molar equivalents of benzylmagnesium 
chloride in tetrahydrofuran at ambient ten^yerature, to produce, after quenching by treatment 
with an organic carboxylic add such as citric acid, as described in J. Org. Chem., 1994, 59, 
4040, the ketoenamine 4^. 

Tht ketoenamine 4.5 is then reduced, in two stages, via the ketoamine 4.6, to produce the 
ammo alcohol 4.7. The transformation of the compound 4.5 to the aminoalcohol 4.7 can be 
effected in one step, or in two steps, with or without isolation of the intermediate ketoamine 
4.6, as described in U.S. Patent 5,491,253. 

For example, the ketoenamine 4.5 is reduced with a boron-containmg reducing agent such as 
sodium borohydride, sodium cyanoborohydride and the like, in the presence of an acid such as 
methanesuHbmc add, as described ni J. Org. Chem., 1994, 59, 4040, to afford the ketoamine 
4.6. The reaction is performed in an ethereal solvent such as, for example, tetrahydrofuran or 
methyl tert-butyl ether. The product 4.6 is then reduced with sodium borohydride- 
trifluoroacetic add, as described in U.S. Patent 5,491,253, to afford the ammoalcohol 4.7. 
AHemativety, the ketoenamine 4.5 can be reduced to the aminoalcohol 4.7 without isolation of 
the intermediate ketoamine 4.6. In this procedure, as described in U.3. Patent 5,491,253, the 
keto^iamine 4.5 is reacted with sodium borohydride-methanesulfonic acid, in an ethereal 
solvent such as dimethoxyethane and the like. The reaction mucture is then treated with a 
quenching agent such as triethanolamine, and the procedure is continued by the addition of 
sodium borohydride and a solvent such as dimethylformamide or dimethylacetamide or the 
like, to afford the aminoalcohol 4.7. 
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The aminoalcohol 4.7 is converted into the amide 4.8 by reaction with the acid R^COOH 2.4 
or an activated derivative thereof, to produce the amide 4.8. This reaction is conducted under 
similar conditions to those described above for the preparation of the amides 13 and 1.5. 
The dibenzylated amide product 4.8 is then deprotected to afford the free amine 4.9. The 
5 conditions for the debenzylation reaction are the same as those described above for the 
deprotection of the dibenzyl amine 13 to yield the amine 1.4, (Scheme 1). 
The amine 4.9 is then reacted with the carboxylic acid R^COOH (4.10) as defined in Oiarts 2a 
-2c , or an activated derivative thereof to produce the amide 4.11. This reaction is conducted 
under similar conditions to those described above for the preparation of the anoides 13 and 
10 1.5. 

Alternatively, the amide 4.11 can be prepared by means of the sequence of reactions illustrated 
in Scheme 5. 

In this sequence, the tribenzylated anaino acid derivative 4.1 is converted, by means of the 
reaction sequence shown in Scheme 4, into the dibenzylated amine 4.7. This coii5)ound is then 

15 converted into a protected derivative, for example the tert-butoxycarbonyl (BOC) derivative 
5.1. Methods for the conversion of amines into the BOC derivative are described in Protective 
Groups in Organic Synthesis, by T.W. Greene and P.G Jvl Wuts, Wiley, Second Edition 1990, 
p. 327. For example, the amine can be reacted with di-tert-butoxycarbonylanhydride (BOC 
anhydride) and a base, or with 2-(tert-butoxycarbonyIox3dmino)-2-phenylacetonitrile (BOC- 

20 ON), and the like. 

Preferably, the amine 4.7 is reacted with ca. 1.5 molar equivalents of BOC anhydride and 
excess potassium carbonate, in methyl tert-butyl ether, at ambient ten^rature, for example as 
described in US Patent 59143332, to yield the BOC-protected product 5.1. 
The N-benzyl protecting groups are then removed firom the amide product 5.1 to afford the 
25 free amine 5.2. The conditions for this transformation are similar to those described above for 
the preparation of the amine 1.4, (Schenoe 1). 

Preferably, the N, N-dibenzyl conq>ound 5.1 is convoted into the amine 5.2 by means of 
hydrogen transfer catalytic hydrogenofysis, for example by treatment with methanolic 
ammonium formate and 5% palladium on carbon catalyst, at ca. 75* for ca. 6 hours, for 
30 example as described in US Patent 5914332 
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The amine compound 5.2 is then reacted with the carboxylic acid R^COOH, or an activated 
derivative thereof to produce the amide 5.3. This reaction is conducted under simflar 
conditions to those described above for the preparation of the amides 1.3 and 1.5, (Scheme 1). 
The BOC-protected amide S3 is then converted into the amine 5.4 by removal of the BOC 
protecting group. The conditions for this transformation are similar to those described above 
for the prq)aration of the amine 23 (Scheme 2). The deprotection can be effected by 
treatment of the BOC con5X)und with anhydrous acids, for example, hydrogen chloride or 
trifluoroacetic acid, or by reaction with trimethylsilyl iodide or aluminum chloride. 
Preferably, the BOC groiq? is removed by treatment of the substrate 53 with trifhioroacetic 
acid in dichloromethane at ambient teniperature, for exan5>le as described in US Patent 
5914232, to afford the free amine product 5.4. 

The free amine thus obtained is tihen reacted with the carbo^grBc acid R^COOH 2.4, or an 
activated derivative thereof, to produce the amide 4.11. This reaction is conducted under 
similar conditions to those described above for the preparation of the amides 1.3 and 1.5. 
The reactions shovm in Schemes 4 and 5 iflustrate the preparation of the con^rounds 4.11 in 
which A is either the group link-P(0)(0R')2 or a precursor thaeto, such as, for example, 
optionally protected OH, SH, NH , as described below. Scheme 6 dq)icts the conversion of 
the compounds 4.11 in which A is OH, SH, NH , as described below, into the compounds 2. 
In this procedure, the conqxumds 4.11 are converted, using the procedures described below. 
Schemes 9-33, into the compounds 2. 
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Scheme 1 
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Scheme 3 




A=IOH3,[SHj;[NH2letc 



Scheme 4 




4.7 2A 4J3 4^ 4.10 4.11 
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Scheme 5 




A = [OH],ISH], [NHJetc 



4.11 2 

Preparation of the phosphonate intermediates 3. 

The phosphonate ester intermediate conq>oiinds 3 can be prqpared by two alternative methods, 
illustrated in Schemes 7 and 8. The selection of the route to be en]{>loyed for a given 
coiiq>ound is made after consideration of the substituents which are present, and their stability 
under the reaction conditions required. 

As shown in Scheme 7, 4Kliben2ylaniino-3-oxo-5-phenyl--pentanenitrile 7.1, the preparation of 
which is described in J. Org. Chem., 1994, 59, 4040, is reacted with a substituted 
benzylmagnesimn halide reagent 7.2, in which the group B is a substituent, protected if 
appropriate, which can be converted, after the sequence of reactions shown in Scheme 7, into 
the substituent Unk-P(0)(0R*)2. Exanc5)les of the substituent B are Br, [OH], [SH], [NHJ 
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[CHO] and the like; procedures for the traDsfonnatioii of these groups into the phosphonate 
moiety are shown below in Schemes 9-33. 

The conditions for the reaction between the benzyhnagnesium halide 7^ and the ketonitrile 
7.1 are simQar to those described above for the preparation of the ketoenamine 4^ (Scheme 
5 4). Preferably, the ketonitrile 7.1 is reacted with three molar equivalents of the substituted 
benzyhnagnesium chloride 7*2 in tetrahydrofuran at ca* 0"*, to produce, after quenching by 
treatment with an organic carboxyhc acid such as citric acid, as described in J. Org. Chem., 
1994, 59, 4040^ the ketoenamine 73. 

The thus-obtained ketoenamine 73 is then transformed, via the intermediate con9X)unds 7.4, 

10 7.5, 7*6 and 7.7 into the diacylated carbinol 7.8. The conditions for each step in the conversion 
of the ketoenamine 73 to the diacylated carbinol 7.8 are the same as those described above 
(Scheme 4) for the transformation of the ketoenamine 4.5 into the diacylated carbinol 4.11. 
The diacylated carbinol 7.8 is then converted into the phosphonate ester 3, using procedures 
illustrated below in Schemes 9-33. 

15 Alternatively, the phosphonate esters 3 can be obtained by means of the reactions illustrated in 
Scheme 8. In this procedure, the amine 7.4, the preparation of which is described above, 
(Scheme 7) is converted into the BOC derivative 8*1. The conditions for the introduction of 
the BOC group are similar to those described above for the conversion of the amine 4*7 into 
the BOC-protected product 5.1, (Scheme 5). 

20 Preferably, the amine 7.4 is reacted with ca. 1.5 molar equivalents of BOC anhydride and 

excess potassium carbonate, in methyl tert-butyl ether, at anibient temperature, for exanq>le as 
described in US Patent 5914332, to yield the BOC-protected product 8.1. 
The BOC-protected amine 8.1 is then converted, via the intermediates 8.2, 83 and 8.4 into the 
diacylated carbinol 7.8. The reaction conditions for this sequence of reactions are similar to 

25 those described above for the transformation of the BOC-protected amme 5.1 into the 
diacylated carbinol 4.11 (Scheme 5). 

The diacylated carbinol 7.8 is then converted into the phosphonate ester 3, using procedures 
illustrated below in Schemes 18-20. 

30 Preparation of dimethylphenoxyacetic acids incorporating phosphonate moieties. 
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Scheme 9 illustrates two altemative methods by means of which 2,6-dimethyl^henoxyacetic 
acids bearing phosphonate moieties may be prepared. The phosphonate group may be 
introduced into the 2,6-dimethylphenol moiety, followed by attachment of the acetic acid 
group, or the phosphonate group may be introduced into a preformed 2,6- 
S dimethylphenoxyacetic acid intermediate. In the first sequence, a substituted 2,6- 

dimethyi^henol 9.1, in which the substituent B is a precursor to the group link-P(0)(0R^)2, 
and in which the phenolic hydroxyl may or may not be protected, depending on the reactions 
to be performed, is converted into a phosphonate-containing compound 9.2. Methods for the 
conversion of the substituent B into the group link-P(0)(0R^)2 are described below in 
10 Schemes 9 - 33. 

The protected phenolic hydroxyl group present in the phosphonate-containing product 9.2 is 
then deprotected, using methods described below, to aJBFord the phenol 9.3. 
The phenolic product 93 is then transformed into the corresponding pheno^acetic acid 9.4, 
in a two step procedure. In the first step, the phenol 93 is reacted with an ester of 

15 bromoacetic acid 9.5, in which R is an alkyl group or a protecting group. Methods for the 
protection of carboxylic acids are described in Protective Groups in Organic Synthesis, by 
T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 224fiF. The alkylation of 
phenols to afford phenoHc ethers is described, for example, in Comprehensive Organic 
Transformations, by R. C. Larock, VCH, 1989, p. 446flF. Typically, the phenol and the 

20 alkylating agent are reacted together in the presence of an orgaiiic or inorganic base, such as, 
for exano{>le, diazabicyclononene, (DBN) or potassium carbonate, in a polar organic solvent 
such as, for example, dinaethylformaimde or acetonitrile. . 

Preferabty, equimolar amounts of the phenol 9.3 and ethyl hromoacetate are reacted togeth^ 
in the presmce of cesium carbonate, in dioxan at reflux tenaperature, for 6xaiiq>le as described 

25 in US Patent 5914332, to afford the ester 9.6. 

The thus-obtained est^ 9.6 is then faydrolyzed to afford the carboxylic acid 9.4. The methods 
used for this reaction depend on the nature of the group R. If R is an alkyl group such as 
methyl, hydrolysis can be effected by treatnient of the ester with aqueous or aqueous alcoholic 
base, or by use of an esterase enzyme such as porcine liver esterase. If R is a protecting group, 

30 methods for hydrolysis are described in Protective Groiips in Organic Synthesis, by T.W. 
Greene and P-G.M Wuts, Wiley, Second Edition 1990, p. 224ff. 
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Preferably, the ester product 9*6 which R is ethyl is hydrolyzed to the carboxylic acid 9 A by 
reaction with lithitm hydroxide in aqueous methanol at ambient teniperature, as described in 
US Patent 5914332. 

Alternatively, an appropriately substituted 2,6-dimethylphenol 9.7, in which the substituent B 
5 is a precursor to the group link-P(0)(0R^)2, is transformed into the corresponding 

phenoxyacetic ester 9.8. The conditions employed for the alkylation reaction are similar to 
those described above for the conversion of the phenol 93 into the ester 9.6. 
The phenolic ester 9.8 is then converted, by transformation of the group B into the group link- 
P(0)(0R^)2 followed by ester hydrolysis, into the carboxylic acid 9.4. The group B which is 
10 present in the ester 9.4 may be transformed into the group link-P(0)(0R')2 either before or 
after hydrolysis of the ester moiety into the carboxylic acid group, depending on the nature of 
the chemical transformations required. 

Schemes 9-14 illustrate the preparation of 2,6-dimethylphenoxyacetic acids incorporating 
phosphonate ester groups. The procedures shown can also be applied to the preparation of 
15 phenoxyacetic esters acids 9.8, with, if appropriate, modifications made according to the 
knowledge of one skilled in the art.. 

Scheme 10 illustrates the preparation of 2,6-dimethylphenoxyacetic acids incorporating a 
phosphonate ester which is attached to the phenolic group by means of a carbon chain 

20 incorporating a nitrogen atom. The conq>ounds 10.4 are obtained by means of a reductive 
alkylation reaction between a 2,6-dimethy^henol aldehyde 10.1 and an aminoalk^ 
phosphonate ester 10.2. The preparation of ammes by means of reductive amination 
procedures is described, for example, in Conq>rehensxve Organic Transformations, by R. C. 
Larock, VCH, p. 421. In this procedure, the amine component 10.2 and the aldehyde 

25 con^nent 10.1 are reacted together in the presence of a reducing agent such as, for exan^le, 
borane, sodium cyanoborohydride or diisobutylahiminum hydride, to yield the amine product 
103. The ammation product 103 is then converted into the phenoxyacetic add con:qx)und 
10.4, using the alkylation and ester hydrolysis procedures described above, (Scheme 9) 
For example, equimolar anoounts of 4-hydroxy-3,5-dimethylbenzaldehyde 103 (Aldrich) and a 

30 dialkyl aminoethyl phosphonate 10.6, the preparation of which is described in J. Org. Chem., 
2000, 65, 676, are reacted together in the presence of sodium cyanoborohydride and acetic 
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acid, as described, for example, in J. Amer. Qbem. Soc., 91, 3996, 1969, to ajETord the amine 
product 10.3. The product is then converted into the acetic acid 10»8, as described above. 
Using the above procedures, but employing, in place of the aldehyde 10.5, different aldehydes 
10.1, and/or different aminoalkyl pho^honates 10.2, the corresponding products 10.4 are 
5 obtained. 

In this and succeeding examples, the nature of the phosphonate ester group can be varied, 
either before or after incorporation into the scaffold, by means of chemical transformations. 
The transformations, and the methods by which they are acconq>Iished, are desoribed below 
(Scheme 21) 

10 

Scheme 11 depicts the preparation of 2,6-Klimethylphenols incorporating a phosphonate group 
linked to the phenyl ring by means of a saturated or unsaturated alkylene chain. In this 
procedure, an optionally protected bromo-substituted 2,6-dimethylphenol 11.1 is coupled, by 
means of a palladium-catalyzed Heck reaction, with a dialkyl alkenyl phosphonate 11.2. The 

15 coupling of aryl bromides with olefins by means of the Heck reaction is described, for 

example, in Advanced Organic Chemistry, by F. A. Carey and R, J. Sundberg, Plenum, 2001, 
p. 503. The aryl bromide and the olefin are coupled in a polar solvent such as 
dimethylformamide or dioxan, in the presence of a palladium(0) or palladium (2) catalyst. 
Following the coupling reaction, the product 113 is converted, using the procedures described 

20 above, (Scheme 9) into the corresponding phenoxyacetic add 11,4. Alternatively, the olefinic 
product 113 is reduced to afford the saturated 2,6-dinjethy^henol derivative 11.5. Methods 
for the reduction of carbon-carbon double bonds are described, for exaii5)le, in 
Conprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 6. The methods 
include catalytic reduction, or chemical reduction employing, for example, diborane or 

25 diirdde. Following the reduction reaction, the product 11.5 is converted, as described above, 
(Scheme 9) into the corresponding phenoxyacetic acid 11.6. 

For example, 3-bromo-2,6-dimethylphenol 11.7, prepared as described in Can. J. Cbem., 
1983, 61, 1045, is converted into the tert-butyldimethylsilyl ether 11.8, by reaction with 
chloro-tert-butyldiooethylsilane, and a base such as imidazole, as described in Protective 
30 Groups in Organic Synthesis, by T.W. Greene and P.GJM Wuts, Wiley, Second Edition 1990 
p. 77. The product 11.8 is reacted with an equimolar amount of a dialkyl aQyl phosphonate 
11.9, for example diethyl allylphosphonate (Aldrich) in the presence of ca. 3 mol % of 
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bis(trq)henylphosphine) pd]ladiuin(II) chloride, in dimethylfonnainide at ca. 60% to produce 
the coupled product 11.10. The sflyl group is removed, for exarople by the treatment of the 
ether 11.10 with a solution of tetrabutylammonium fluoride in tetrahydroftiran, as described in 
J. Am Chem., Soc, 94, 6190, 1972, to afford the phenol 11.11. This compound is converted, 
5 en5)loying the procedures described above, (Scheme 9) into the corresponding phenoxyacetic 
acid 11.12. Alternatively, the unsaturated con[5)Ound 11.11 is reduced, for exanaple by 
catalytic hydrogenation en5)loying 5% palladium on carbon as catalyst, in an alcoholic solvent 
such as methanol, as described, for example, in Hydrogenation Methods, by R. N. Rylander, 
Academic Press, 1985, Ch* 2, to afford the saturated analog 11.13. This compound is 
10 converted, einploying the procedures described above, (Schen^ 9) into the corresponding 
phenoxyacetic acid 11.14. 

Using the above procedures, but omployiagy in place of 3-bromo-2,6-dimethylphenol 11.7, 
different bromophenols 11.1, and/or different dialkyl alkenyl phosphonates 11.2, the 
corresponding products 11.4 and 11.6 are obtained. 

15 

Scheme 12 illustrates the preparation of phosphonate-containing 2,6-dimethy^henoxyacetic 
acids 12.1 in which the phosphonate group is attached to the 2,6-dimethylphenoxy moiety by 
means of a carbocychc ring. In this procedure, a bromo-substituted 2,6-dimethylphenol 12.2 is 
converted, using the procedures illustrated in Scheme 9, into the corresponding 2,6- 

20 dimethy^)henoxyacetic ester 123. The latter cornpound is then reacted, by means of a 
palladium-catalyzed Heck reaction, with a cycloalkenone 12.4, in which n is 1 or 2. The 
coupling reaction is conducted under the same conditions as those described above for the 
preparation of 113. (Scheroe 11). The product 12.5 is then reduced catalyticaDy, as described 
above for the reduction of 113, (Scheme 11), to afford the substituted cycloalkanone 12.6. 

25 The ketone is then subjected to a reductive axnination procedure, by reaction with a dialkyl 2- 
andnoethylphosphonate 12.7 and sodium triacetoxyborohydride, as described in J. Org. 
Chem., 61, 3849, 1996, to yield the amme phosphonate 12.8. The reductive amination reaction 
is conducted under the san^ conditions as those described above for the preparation of the 
amine 103 (Scheme 10). The resultant ester 12.8 is then hydrolyzed, as described above, to 

30 - afford the phenoxyacetic acid 12.1. 

For exan^Ie, 4-hronio-2,6-dimethylphenol 12.9 (Aldrich) is converted, as described above, 
into the phenoxy ester 12.10. The latter cornpound is then coupled, in dimethylformamide 
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solution at ca. 60% with cyclohexenone 12.11» in the presence of 

tetraIds(tripheny]^hosphiQe)pa]ladimn(0) and triethylamine, to yield the cyclohexenone 12.12. 
The enone is then reduced to the saturated ketone 12.13, by means of catalytic hydrogenation 
en^Ioying 5% palladium on carbon as catalyst The saturated ketone is then reacted with an 
5 equimolar amount of a dialkyl aminoethyl^hosphonate 12.14, prepared as described in J. Org. 
Chem., TWO, 65, 676, in the presence of sodium cyanoborohydride, to yield the amine 12.15. 
Hydrolysis, employing lithium hydroxide in aqueous n^thanol at ambient temperature, then 
yields the acetic acid 12.16. 

Using the above procedures, but enDploying, in place of 4-bromo-2,6-dimethylphenol 12.9, 
10 different bromo-substituted 2,6'dimethylphenols 12.2, and/or different cycloalkenones 12.4, 
and/or different dialkyl aminoalkylphosphonates 12.7, the corresponding products 12.1 are 
obtained. 

Scheme 13 illustrates the preparation of 2,6-dimethylphenoxyacetic acids incorporating a 
15 phosphonate group attached to the phenyl ring by means of a heteroatom and an alkylene 
chain. The compounds are obtained by means of alkylation reactions in which an optionally 
protected hydroxy, thio or amino-substituted 2,6-diDQethy]^henol 13.1 is reacted, in the 
presence of a base such as, for exanople, potassium carbonate, and optionally in the presence 
of a catalytic amount of an iodide such as potassium iodide, with a dialkyl bromoalkyl 
20 phosphonate 13.2. The reaction is conducted in a polar organic solvent such as 

dimethylfonnamide or acetonitrile at from ambient tenq)erature to about SO"". The product of 
the alkylation reaction, 133 is then converted, as described above (Scheme 9) into the 
phenoxyacetic acid 13A 

For exanople, 2,6-dimethyl-4-m^rcaptophenol 13.5, prepared as described in EP 482342, is 
25 reacted in dimethylfonnamide at ca. 60'* with an equimolar amount of a dialkji bromobutyl 

phosphonate 13.6, the preparation of which is described in Synthesis, 1994, 9, 909, in the 

presence of ca. 5 molar equivalents of potassium carbonate, to afford the thioetfaer product 

13.7. This confound is converted, en5)loying the procedures described above, (Scheme 9) 

into the corresponding phenoxyacetic acid 13.8. 
30 Using the above procedures, but en5)loying, in place of 2,6-dimethyl-4-mercaptophenol 13^, 

different hydro^, thio or aminophenols 13.1, and/or different dialkyl bromoalkyl 

phosphonates 13.2, the corresponding products 13.4 are obtained. 
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Scheme 14 illustrates the preparation of 2,6-dimethylphenoxyacetic acids incorporating a 
phosphonate ester group attached by means of an aromatic or heteroaromatic group. In this 
procedure, an optionally protected hydroxy, mercapto or amino-substituted 2.6- 
dimethyj^henol 14.1 is reacted, under basic conditions, with a bis(halomethyl)aryl or 
heteroaryl compound 14.2. Equinaolar amounts of the phenol and the halomethyl conq>ound 
are reacted in a polar organic solvent such as dimethylfonnamide or acetonitrile, in the 
presence of a base such as potassium or cesium carbonate, or dimethylaminopyridine, to afiford 
the ether, thioether or amino product 143. The product 14.3 is then converted, using the 
procedures described above, (Scheme 9) into the phenoxyacetic ester 14.4. The latter 
compound is then subjected to an Arbuzov reaction by reaction with a trialky^hosphite 14.5 
at ca. 100" to aJBford the phosphonate ester 14.6. The preparation of phosphonates by means of 
the Aibuzov reaction is described, for example, in Handb. Organophosphorus Chem., 1992, 
115. The resultant product 14.6 is then converted into the acetic acid 14.7 by hydrolysis of the 
ester moiety, using the procedures described above, (Scheme 9). 
For exan5)le, 4-hydroxy-2,6-dimethylphenol 14.8 (Aldrich) is reacted with one molar 
equivalent of 3,5-bis(chloromethyl)pyridine, the preparation of which is described ia Eur. J. 
Inorg. Chem., 1998, 2, 163, to afford the ether 14.10. The reaction is conducted in acetonitrile 
at ambient temperature in the presence of five molar equivalents of potassium carbonate. The 
product 14.10 is then reacted with ethyl bromoacetate, using the procedures described above, 
(Scheme 9) to afford the phenojgracetic ester 14.11. This product is heated at 100' for 3 hours 
. with three molar equivalents of triethyl phosphite 14.12, to afford the phosphonate ester 
14.13. Hydrolysis of the acetic ester moiety, as described above, for example by reaction with 
lithium hydroxide in aqueous ethanol, then affords the phenoxyacetic acid 14.14. 
Using the above procedures, but employing, in place of the bis(chloromethyl) pyridine 14.9, 
different bisObalomethyl) aromatic or heteroaromatic compoimds 14.2, and/or different 
hydroxy, mercapto or anmo-substituted 2,6-dimethylphenols 14.1 and/or different trialkyl 
phosphites 14.5, the corresponding products 14.7 are obtained. 
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Scheme 13 
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Preparation of phenylalanine derivatives 4.1 incorporating piiosphonate moieties, or 
precursors thereto* 

Schemes 15-17 describe various methods for the preparation of phosphonate-containing 
analogs of phenylalanine. The compounds are then enqiloyed, as described above, (Schemes 4 
and 5) in the preparation of the coinpounds 2. 

Scheme 15 iDustrates the preparation of phenylalanine derivatives incorporating phosphonate 
moieties attached to the phenyl ring by means of a heteroatom and an alkylene chain. The 
compounds are obtained by means of alkylation or condensation reactions of hydroxy or 
mercapto-substituted phenylalanine derivatives 15^. 

In this procedure, a hydroxy or mercapto-substituted phenylalanine 15.1 is converted into the 
benzyl est^ 15.2. The conversion of carboxylic acids into esters is described for example, in 
Con^jrehensh^e Organic Transformations, by R. C. Larock, VCH, 1989, p. 966. The 
conversion can be effected by means of an acid-catalyzed reaction between the carboxylic acid 
and ben2yl alcohol, or by means of a base-catalyzed reaction between the carboxylic acid and a 
benzyl hahde, for example benzyl chloride. The hydro^qrl or mercapto substituent present in 
the benzyl ester 15.2 is then protected. Protection methods for phenols and thiols are 
described respectively, for example, in Protective Groups in Organic Synthesis, by T.W. 
Greene and P.G Wuts, Wiley, Second Edition 1990, p. 10, p. 277. For example, suitable 
OH and SH protecting groups include tert-butyldhnethylsilyl or tert-butyldiphenylsilyL 
Alternative SH protecting groups include 4-methoxybenzyl and S-adamantyl. The protected 
hydrojqr- or mercapto ester 15.3 is then reacted with a benzyl or substituted benzyl hahde and 
a base, for example as described in U.S. Patent 5,491,253, to afford the N, N-dibenzyl product 
15.4. For example, the amme 15.3 is reacted at ca. 90' with two molar equivalents of ben^l 
chloride in aqueous ethanol containing potassium carbonate, to aflftwrd the tribenzylated 
product 15.4, as described in U.S. Patent 5,491,253. The protecting group present on the O 
or S substituent is then removed. Removal of O or S protecting groups is described in 
Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second 
Edition 1990, plO, p. 277. For example, silyl protecting gjroups are removed by treatment 
with tetrabutylammonium fluoride and the like, in a solvent such as tetrahydrofaran at ambient 
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ten5>erature, as described in J. Am. Chem. Soc, 94, 6190, 1972. S-Adamantyl protecting 
groups are removed by treatment with mercuric trifluoroacetate in trifluoroacetic acid, as 
described in Chem. Pharm. BuH, 26, 1576, 1978. 

The resultant phenol or thiophenol 15^ is then reacted under various conditions to provide 
protected phenylalanine derivatives 15.6, 15.7 or 15.8, incorporating ptosphonate moieties 
attached by means of a heteroatom and an alkylene chain. 

As one option, the phenol or thiophenol 15.5 is reacted with a dialkyl hromoalkyl phosphonate 
15.9 to afford the product 15.6. The alkyktion reaction between 15.5 and 15.9 is effected in 
the presence of an organic or inorganic base, such as, for txmnple^, diazabicyclononene, cesium 
carbonate or potassium carbonate. The reaction is performed at from ambient ten^perature to 
ca. 80% in a polar organic solvent such as dimethylformamide or acetonitrile, to afford the 
ether or thioether product 15.6. 

For exan5>le, as illustrated in Scheme 15 Exanq)le 1, a hydroxy-substituted phenylalanine 
derivative such as tyrosine, 15.12 is converted, as described above, into the benzyl ester 15.13. 
The latter compound is then reacted with one molar equivalent of chloro tert- 
butyldimethylsilane, in the presence of a base such as imidazole, as described in J. Am. Chem. 
Soc, 94, 6190, 1972, to afford the silyl ether 15.14. This compound is then converted, as 
described above, into the tribenzylated derivative 15.15. The sifyl protecting group is 
removed by treatment of 15.15 with a tetrahydrofuran sokition of tetrabutylammonium 
fluoride at ambient temperature, as described in J. Am. Chem. Soc, 94, 6190, 1972, to afford 
the phenol 15.16. The latter compound is then reacted in dimethylformamide at ca. 60% with 
one molar equivalent of a dialkyl 3-bromopropyl phosphonate 15.17 (Aldrich), in the presence 
of cesium carbonate, to afford the alkylated product 15.18. 

Using the above procedures, but employing, in place of the 4-hydroxy phenylalanine 15.12, 









III 


[( 



hromoalkyl phosphonates 15.9, the corresponding ether or thioether products 15.6 are 
obtained. 

Alternatively, the hydroxy or mercapto-substituted tribenzylated phenylalanine derivative 15.5 
is reacted with a dialkyl hydroxymethyl phosphonate 15.10 under the conditions of the 
Mitsonobu reaction, to afford the ether or thioether conq>ounds 15.7. The preparation of 
aromatic etiiers by means of the Mitsonobu reaction is described, for example, in 
Comprehensive Organic Transformations, by R. C Larock, VCH, 1989, p. 448, and in 



-744- 



wo 03/090690 



PCTAJS03/12901 



Advanced Organic Chemistry, Part B, by F.A. Carey and R. J. Sundberg, Plenum, 2001, p. 
153-4. The phenol or thiophenol and the alcohol component are reacted together in an aprotic 
solvent such as, for exaniple, tetrahydrofuran, in the presence of a dialkyl azodicarboxylate 
and a triarylphosphine. 

5 For exantple, as shown in Scheme 15, Exanple 2, 3-mercaptophenylalanine 15*19, prepared as 
described in WO 0036136, is converted, as described above, into the benzyl ester 15.20. The 
resultant ester is then reacted in tetrahydrofuran solution with one molar equivalent of 4- 
methoxybenzyl chloride in the presence of annnonimn hydroxide, as described in BulL Chem. 
Soc. Jpn., 37, 433, 1974, to afford the 4-n^thoxybenzyl thioether 15.21. This con5)ound is 

10 then converted, as described above for the preparation of the tribenzylated phenylalanine 
derivative 15.4, into the tribenzyl derivative 15.22. The 4-methoxyben2yl group is then 
removed by the reaction of the thioether 15.22 with mercuric trifluoroacetate and anisole in 
trifluoroacetic add, as described in J.Org. Chem., 52, 4420, 1987, to afford the thiol 15.23. 
The latter compound is reacted, under the conditions of the Mitsonobu reaction, with a 

15 dialkyl hydroxymethyl phosphonate 15.24, diethylazodicarboxylate and tr5)henylphosphine, for 
exan5)le as described in Synthesis, 4, 327, 1998, to yield the thioether product 1SJ2S. 
Using the above procedures, but employing, in place of the mercapto-substituted 
phenylalanine derivative 15.19, different hydroxy or mercapto-substituted phenylalaniues 15.1, 
and/or different diaDcylhydroxymethyl phosphonates 15.10, the corresponding products 15.7 

20 are obtained. 

Alternatively, the hydroxy or mercapto-substituted tribenzylated phenylalanine derivative 15.5 
is reacted with an activated derivative of a dialkyl hydroxymethylphosphonate 15.11 in which 
Lv is a leaving group. The coniponents are reacted together in a polar aprotic solvent such as, 
for example, dimethyUbrmamide or dioxan, in the presence of an organic or inorganic base 

25 such as triethylamine or cesium carbonate, to afford the ether or thioether products 15.8. 

For example, as illustrated in Scheme 15, Example 3, 3-hydroxyphenylalanine 15.26 (Fhika) is 
converted, using the procedures desoibed above, into the tribenzylated compound 15.27. The 
latter compound is reacted, in dimethylformamide at ca. 50°, in the pres»ice of jpotassium 
carbonate, with diethyl trifhioromethanesulfonyloxymethylphosphonate 15.28, prepared as 

30 described in Tet. Lett., 1986, 27, 1477, to afford the eth^ product 15.29. 

Using the above procedures, but employing, in place of the hydroxy-substituted phenylalanine 
derivative 15.26, different hydroxy or naercapto-substituted phenylalanines 15.1, and/or 
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different dialkyl tnfluoromethanesiilfonyloxymethy^^hosphonates 15*11, the corresponding 
products 15.8 are obtained. 

Scheme 16 illustrates the preparation of phenylalanine derivatives incorporating phosphonate 
5 moieties attached to the phenyl ring by means of an alkylene chain incorporating a nitrogen 
atOHL The conopounds are obtained by means of a reductive alkylation reaction between a 
fonnyl-substituted tribenzylated phenylalanine derivative 16.1 and a dialkyl 
aminoall^^hosphonate 16.2. 

In this procedure, a hydroxymethyl-substituted phenylalanine 163 is converted into the 
10 tribenzylated derivative 16.4 by reaction with three equivalents of a benzyl halide, for example, 
benzyl chloride, in the presence of an organic or inorganic base such as diazabicyclononene or 
potassium carbonate. The reaction is conducted in a polar solvent optionally in the additional 
presence of water. For example, the aminoacid 16.3 is reacted with three equivalents of 
benzyl chloride in aqueous ethanol containing potassium carbonate, as described ia U.S. 
15 Patent 5,491,253, to afford the product 16.4. The latter con^und is then oxidized to afford 
the corresponding aldehyde 16.1. The conversion of alcohols to aldehydes is described, for 
example, in Comprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 604ff. 
Typically, the alcohol is reacted with an oxidizing agent such as pyridinium chlorochromate, 
silver carbonate, or dimethyl sulfoxide/acetic anhydride, to afford the aldehyde product 16.1. 
20 For example, the carbinol 16.4 is reacted with phosgene, dimethyl sulfoxide and triethylamine^ 
as described in J. Org. Chem., 43, 2480, 1978, to yield the aldehyde 16.1. This compound is 
reacted with a dialkyl aininoalky^hosphonate 16.2 in the presence of a suitable reducing agent 
to afford the amine product 16.5. The preparation of amines by means of a reductive 
amination reaction is described above (Scheme 10). 

* 

25 For example, 3-(hydro35ymethyl)-phenylalanine 16.6, prepared as described in Acta Chem. 
Scand. Ser. B, 1977, B31, 109, is converted, as described above, into the fomxylated 
derivative 16.8. This compound is then reacted, in ethanol, at ambient tenqierature, with one 
znolar equivalent of a dialkyl aminoethylphosphonate 16.9, prepared as described in J. Org. 
Chem., 200, 65, 676, in the presence of sodium cyanoborohydride, to produce the alkylated 

30 product 16.10. 
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Using the above procedures, but employmg, in place of 3-(hydroxyiiiethyl)-pheDylalaiiine 16.6, 

• » - • 

different hydroxynaethyl phenylalanines 163, and/or different aminoalkyl phosphonates 16*2, 
the corresponding products 16.5 are obtained. 

5 Scheme 17 depicts the preparation of phenylalanine derivatives in which a phosphonate moiety 
is attached directly to the phenyl ring. In this procedure, a suitably protected bromo- 
subsdtuted phenylalanine 17.2 is coupled, in the presence of a palladium(0) catalyst, with a 
dialkyl phosphite 173 to produce the phosphonate ester 17.4. The preparation of 
arylphosplK>nates by means of a coupHng reaction between aryl bromides and dialkyl 

10 phosphites is described in J. Med. Chem., 35, 1371, 1992. 

For example, S-bronoophenylalanine 17.5, prepared as described in Pept. Res., 1990, 3, 176, is 
converted, as described above, (Scheme 15) into the tribenzylated con5)ound 17.6. This 
con5>ound is then reacted, in tohiene solution at reflux, with diethyl phosphite 17.7, 
triethylamine and tetrakis(triphenylphosphine)paIladium(0), as described in J. Med. Chem., 35, 

15 1371, 1992, to afford the phosphonate product 17.8. 

Using the above procedures, but enoploying, in place of 3-bromophenylalanine 17.5, different 
bromophenylalanines 17.1, and/or dijQferent dialkylphosphites 173, the corresponding products 
17.4 are obtained. 
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Scheme 15 
Method 
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Preparation of phosphonate esters with structure 3. 

Scheme 18 iflustrates the preparation of conqn^unds 3 in which the phosphonate ester moiety 
is attached directly to the phenyl ring, hi this procedure, the ketonitrile 7.1, prepared as 
described in J. Org. Chena., 1994, 59, 4080, is reacted, as described above (Scheme n) with a 
hromobenzyhnagnesium halide reagent 18.1. The resultant ketoenamine 18.2 is then 
converted into the diacylated faromophenyl carbinol 18.3. The conditions required for the 
conversion of the ketoenamine 18.2 into the carbinol 18.3 are similar to those described above 
(Scheme 7), for the conversion of the ketoenamine 7.3 into the carbinol 7.8. The product 183 
is then reacted with a dialkyl phosphite 17.3, in the presence of a palladium (0) catalyst, to 
yield the phosphonate ester 3. The conditions for the coupling reaction are the same as those 
described above (Scheme 17) for the preparation of the phosphonate ester 17.8. 
For example, the ketonitrile 7.1 is reacted, in tetrahydrofuran solution at 0% with three molar 
equivalents of 4-bromoben2ylmagnesium bromide 18.4, the preparation of which is described 
in Tetrahedron, 2000, 56, 10067, to afford the ketoenamine 18.5. The latter con^und is 
then converted into the diacylated faromophenyl carbinol 18.6, using the sequence of reactions 
described above (Scheme 7) for the conversion of the ketoenamine 13 into the carbinol 7.8. 
The resultant bromo confound 18.6 is then reacted with diethyl phosphite 18.7 and 
triethylamine, in toluene solution at reflux, in the presence of 

tetrakis(triphenylphosphine)palladium(0), as desaibed in J. Med. Chem., 35, 1371, 1992, to 
aflford the phosphonate product 18.8. 

Using the above procedures, but en5)loying, in place of 4-hromobenzylmagnesium bromide 
18.4, different bromobenzylmagnesium hahdes 18.1 and/or different dialkyl phosphites 173, 
there are obtained the corresponding phosphonate esters 3. 

Scheme 19 illustrates the preparation of con5)ounds 3 in which the phosphonate ester moiety 
is attached to the nucleus by means of a phenyl ring. In this procedure, a hromophenyl- 
substituted benzylmagnesium bromide 19.1, prepared from the corresponding bromomethyl 
compound by reaction with magnesium, is reacted with the ketonitrile 7.1. The conditions for 
this transformation are the same as those described above (Scheme 7). The product of the 
Grignard addition reaction is then transformed, using the sequence of reactions described 
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above, (Scheme 7) into the diacylated carfaiDol 19.2. The latt^ con4>ound is then coupled, in 
the presence of a palladiiii£i(0) catafyst, with a dialkyl phosphite 17.3, to afford the 
phenylphosphonate 3. The procedure for the coupling reaction is the same as those described 
above for the preparation of the phosphonate 17.4. 
5 For exanq)le, 4-(4-broinophenyl)ben2yl bromide, prqpared as described in DE 2262340, is 
reacted with magnesium to afibrd 4-(4-bromophenyl)benzsr}magnesium bromine 193. This 
product is then reacted with the ketonitriie 7.1, as described above, to yield, after the sequence 
of reactions shown in Scheme 7, the diacylated carbinol 19*4. Tte latter compound is tb^ 
reacted, as described above, (Scheme 17) with a diethyl phosphite 17 J3, to afford the 
10 phenylphosphonate 19.5. 

Using the above procedures, but employing, in place of 4-(4-bromophenyl)benzyl bromide 
19.3, different bromophenylbenzyl bromides 19.1, and/or different dialkyl phosphites 173, the 
corresponding products 3 are obtained. 

15 Scheme 20 depicts the preparation of phosphonate est^s 3 in which the phosphonate group is 
attached by means of a heteroatom and a methylene group. In this procedure, a hetero- 
substituted benzyl alcohol 20.1 is protected, affording the derivative 20.2. The protection of 
phenyl hydroxjd, thiol and amino groups are described, respectively, in Protective Groups in 
Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 10, p. 

20 277, 309. For exaii5)le, hydroxyl and thiol substituents can be protected as trialkylsilyloxy 
groups. Trialkylsifyl groups are introduced by the reaction of the phenol or thiopheool with a 
chlorotrialkylsilane, for exaiiq>le as described in Protective Groups in Organic Synthesis, by 
T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 10, p. 68-86. Altematively, 
thiol substituents can be protected by conversion to tert-butyl or adamantyl thioethers, as 

25 described in Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, 
Second Edition 1990, p. 289. Amino groups can be protected, for exaiqple by diben^lation. 
The conversion of amines into dibenzylamines, for example by treatment with benzyl bromide 
in a polar solvent such as acetonitrile or aqueous ethanol, in the presence of a base such as 
triethylamine or sodium carbonate, is described in Protective Groups in Organic Synthesis, by 

30 T.W. Greene and P.GM Wuts, Wiley, Second Edition 1990, p. 364. The resultant protected 
benzyl alcohol 20.2 is converted into a halo derivative 203, in which Ha is chloro or bromo. 
The conversion of alcohols into chlorides and bromides is described, for example, in 
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Coii5)rehensive Organic Transfoimations, by R. C. Larock, VCH, 1989, p. 354fFand p. 356fF. 
For exan5)le, benzyl alcohols 20.2 can be transformed into the chloro compounds 203, in 
which Ha is chloro, by reaction with triphenylphosphine and N--cU6rosuccinimide, as 
described in J. Am. ChenoL Soc, 106, 3286, 1984. Benzyl alcohols can be transformed into 
5 bromo compounds by reaction with carbon tetrabronodde and trq>henyIphosphine, as described 
in J. Am. Chem. Soc, 92, 2139, 1970. The resultant protected benzyl hahde 203 is then 
converted into the corresponding benzylmagnesium halide 20.4 by reaction with magnesium 
metal in an ethereal solvent, or by a Grignard exchange reaction treatment with an alkyl 
magnesium halide. The resultant substituted benzylmagnesium halide 20.4 is then converted, 

10 using the sequence of reactions described above (Schenac 7) for the preparation of 7.8, into 
the caibinol 20.5 in which the substituent XH is suitably protected 
The protecting group is then removed to afford the phenol, thiophenol or amine 20.6. 
Deprotection of phenols, thiophenols and amines is described respectively in Protective 
Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wfley, Second Edition 1990. 

15 For example, trialkylsityl ethers or thioethers can be deprotected by treatment with a 

tetraalkylammonium fhioride in an inert solvent such as tetrahydrofuran, as described in J. Am 
Chem. Soc, 94, 6190, 1972, Tert-bulyl or adamantyl thioethers can be converted into the 
corresponding thiols by treatment with mercuric trifluoroacetate in aqueous acetic acid at 
ambient tenaperature, as described in Chem. PharnL BuIL, 26, 1576, 1978. NJ^-dibenzyl 

20 amines can be converted into the unprotected amines by catal3l:ic reduction in the presence of 
a palladium catalyst, as described above (Scheme 1). The resultant phenol, thiophenol or 
amine 20.6 is then converted into the phosphonate ester 3 by reaction with an activated 
derivative of a dialkyl hydroxymethyl phosphonate 15.11, in which Lv is a leaving group. The 
reaction is conducted under the same conditions as described above for the alkylation of the 

25 phenol 153 to afford the ether or thioeth^ 15.8 (Scheme 15). 

For exanq)le, 3-hydroxybenzyl alcohol 20.7 (Aldrich) is reacted with chlorotriisopropylsilane 
and imidazole in dimethylformamide, as described in Tet. Lett., 2865, 1964, to afford the silyl 
ether 20.8. This conopound is reacted with carbon tetrabromide and triphenylpho^hine in 
dicbloromethane, as described in J. Am. Chem. Soc., 109, 2738, 1987, to afford the 

30 hrominated product 20.9. This material is reacted with magnesium in ether to afford the 

Grignard reagent 20.10, which is then subjected to the series of reaction shown in Scheme 7 to 
afford the carbinol 20.11. The triisopropylsiiji protecting group is then removed by treatinent 
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of the ether 20.11 with tetrabutylammonium fluoride in tetrahydrofuran, as described in J. Org. 
Chem.,51,4941. 1986. The xesuW phenol 20.12 is then reacted in diniethylfoxina^ 
solution with a dialkyl trifluoromethanesulfonyloxymethyl phosphonate 15 J28» prepared as 
described in Synthesis, 4, 327, 1998, in the presence of a base such as din^tfaylazninopyridine, 
as described above (Scheme 15) to aflford the phosphonate product 20.13. 
Using the above procedures, but enqiloying, in place of S-hydroxybenzyl alcohol 20.7, 
different hydroxy, mercapto or ammo-substituted benzyl alcohols 20.1, and/or diff^ent dialkyl 
hydroxymethyl phosphonate derivatives 15.11, the corresponding products 3 are obtained. 
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Scheme 20 

Method 
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Schemes 1-33 described the preparations of phosphonate esters of the general structure R- 
link-P(0)(0R^)2, in which the groups the structures of which are defined in Chart 1, may 
be the same or different. The Regroups attached to a phosphonate esters 1-5, or to precursors 
thereto, roay be changed using estabhshed chemical transformations. The interconversions 
5 reactions of phosphonates are illustrated in Scheme 21. The group R in Scheme 21 represents 
the substructure to which the substituent link-P(0)(0R^)2 is. attached, either in the compounds 
1-5 or in precursors thereto. The R^ group may be changed, using the procedures described 
below, either in the precursor compounds, or in the esters 1-5. The methods en^loyed for a 
given phosphonate transformation depend on the nature of the substituent R\ The preparation 
10 and hydrotysis of phosphonate esters is described in Organic Phosphorus Compounds, G. M. 
Kosolapoff, L. Maeir, eds, Wiley, 1976, p. 9flf. 

The conversion of a phosphonate diester 21.1 into the corresponding phosphonate monoester 
21.2 (Scheme 21, Reaction 1) can be accon5)lished by a nunsber of methods. For exan^le, the 
ester 21.1 in which R^is an araDcyl group such as benzyl, can be converted into the monoester 
conq>ound 21.2 by reaction with a tertiary organic base such as diazabicyclooctane (DABCO) 
or quinucHdine, as described in J. Org. Chem., 1995, 60, 2946, The reaction is performed in 
an inert hydrocarbon solvent such as toluene or xylene, at about 1 10\ The conversion of the 
diester 21.1 in which R^is an aryl group such as phenyl, or an alkenyl group such as allyl, into 
the monoester 21.2 can be effected by treatment of the ester 21.1 with a base such as aqueous 
sodium hydroxide in acetonitrile or lithium hydroxide in aqueous tetrahydrofuran. 
Phosphonate diesters 21.1 in which one of the groups R^is aralkyl, such as benzyl, and the 
other is alkyl, can be converted into the monoesters 21.2 in which R^is eJkyl by hydrogenation, 
for example using a palladium on carbon catstysL Phosphonate diesters in which both of the 
groups RWe alkenyl, such as aDyl, can be converted into the monoester 21.2 in which R^is 
alkenyl, by treatment with chlorotris(trq)heny]^hosphine)rhodium (Wilkinson's catalyst) in 
aqueous ethanol at reflux, optionally in the presence of diazabicyclooctane, for examgple by 
using the procedure described in J. Org. Chem., 38 3224 1973 for the cleavage of allyl 
carboxylates. 

The conversion of a phosphonate diester 21.1 or a phosphonate monoester 21 J2 into the 
30 corresponding phosphonic acid 21.3 (Scheme 21, Reactions 2 and 3) can effected by reaction 
of the diester or the roonoester with trimethylsityl bromide, as described in J. ChenL Soc, 
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CJiem. Comm., 739, 1979. The reaction is conducted in an inat solvent such as, for exan?)le, 
dichloromethane, optionally in the presence of a silylating agent such as 
his(trimethylsflyl)trifluoroacetamide, at ambient ten[q)«rature. A phosphonate monoester 21.2 
in which R'is aralkyl such as benzyl, can be converted into the corresponding phosphonic add 
5 21.3 by hydrograiation over a paDadium catalyst, or by treatment with hydrogen chloride in an 
ethweal solvent such as dioxan. A phoq)honate monoester 21.2 in which R'is aDcenyl such as, 
for exan9)le, ally], can be converted into the phosphonic acid 213 by reaction with 
Wilkinson's catalyst in an aqueous organic solvent, for example in 15% aqueous acetonitrile, 
or in aqueous ethanol, for exaiapl& using die procedure described in Helv. Chim. Acta., 68, 
10 618, 1985, Palladium catalyzed hydrogenolysis of phosphonate estets 21.1 in which R'is 
benzyl is described in J. Org. Chem., 24, 434, 1959. Platinum-cataisrod hydrogenolysis of 
phosphonate esters 21.1 in which R'is phenyl is described in J. Amer. Chem. Soc., 78, 2336, 
1956. 

The conversion of a phosphonate monoester 21J2 into a phosphonate diester 21.1 (Scheme 
15 21, Reaction 4) in which the newly introduced R'group is alkyl, aralkyl, haloalkyl such as 
cHOToethjd, or aralkyl can be effected by a number of reactions in which the substrate 21.2 is 
reacted with a l^rdroxy con^Kiund R'OH, in the presence of a coupling agent. Suitable 
coiq)Iing agents are those employed for the preparation of carboxylate esters, and include a 
carbodiimi(te such as dicyclohexylcarbodiimide, in which case the reaction is preferably 
conducted in a basic organic solvent such as pyridine, or (benzotriazoH- 
yloxy)trq)yrrolidinophosphoniumhexafluorophosphate (PYBOP, Sigma), in which case the 
reaction is performed in a polar solvent such as dimethylformamide, in the presence of a 
tertiary organic base such as diisopropylethylamine, or Aldrithiol-2 (Aldiich) in which case the 
reaction is conducted in a basic solvrait such as pyridine, in the presence of a triaryl phosphine 
such as tiipheny^Bhosphine. Ahetnatively, the conv«sion of the phosphonate monoester 21.2 
to the diestor 21.1 can be effected by the use of the Afitsonobu reaction, as described above 
(Scheme 15). The substrate is reacted with the hydroxy compound R'OH, in the presence of 
diethyl azodicarboxylate and a triarylphosphine such as tr5)henyl phoq)hine. Alternatively, the 
phosphonate monoester 21.2 can be transformed into the phosphonate diester 21.1, in which 
the introduced B} group is alkenyl or aralkyl, by reaction of the monoester with the halide 
R'Br, in which R' is as alkenyl or aralkyi The attylation reaction is conducted in a polar 
organic solvent such as dimethylfonnamide or acetonitrile, in the presence of a base such as 
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cesium carbonate. Altematively, the phosphonate monoester can be traDsfonned into the 
phosphonate diester in a two step procedure. In the first step, the phosphonate monoester 
21.2 is transformed into the chloro analog RP(0)(OR')a by reaction with thionyl chloride or 
oxalyl chloride and the like, as described in Organic Phosphorus Conipoimds, G. M. 
Kosolapoff, L. Maeir, eds, Wiley, 1976, p. 17, and the thus-obtained product RP(0)(OR^)a is 
then reacted with the hydroxy compound R^OH, in the presence of a base such as 
triethylamine, to afford the phosphonate diester 21.1. 

A phosphonic acid R-link-P(0)(0H)2 can be transformed into a phosphonate monoester 
RP(0)(OR^)(OH) (Scheme 21, Reaction 5) by means of the n^thods described above of for 
the preparation of the phosphonate diester R-link-P{0)(0R*)2 21.1, except that only one molar 
proportion of the component R^OH or R^Br is employed. 

A phosphonic acid R-link-P(0)(0H)2 213 can be transformed into a phosphonate diester R- 
link-P(0)(0R^)2 21.1 (Scheme 21, Reaction 6) by a coupling reaction with the hydroxy 
conqwund R^OH, in the presence of a coupling agent such as Aldrithiol-2 (Aldrich) and 
trq)henylphosphine. The reaction is conducted in a basic solvent such as pyridine. 
Altematively, phosphonic acids 213 can be transformed into phosphonic esters 21.1 in which 
R^ is aryl, by means of a coupling reaction enoploying, for example, dicyclohexylcarbodiimide 
in pyridine at ca 70\ Altematively, phosphonic acids 213 can be transformed into phosphonic 
esters 21.1 in which R^ is alkenyl, by means of an alkylation reaction. The phosphonic acid is 
reacted with the alkenyl bromide R^Br in a polar organic solvent such as acetonitrile solution 
at reflux ten^rature, the presence of a base such as cesium carbonate, to afford the 
phosphonic ester 21.1. 

Phoqphonate esters 1-5 incorporating carbamate moieties. 

The phosphonate esters 1-5 in which the R^CO or R^CO groups are formally derived from the 
carboxylic acid synthons C38 - C49 as shown in Chart 2c, contain a carbamate moiety. The 
pr^aration of carbamates is described in Conqnrehensive Organic Functional Group 
Transformations, A. R. Katritzlqr, ed., Pergamon, 1995, Vol. 6, p. 416ff, and in Organic 
Functional Group Preparations, by S. R. Sandler and W. Karo, Academic Press, 1986, p. 
260£L 
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Scheme 22 niustrates various joo^thods by which the carbamate hnkage can be synthesized. As 
shown in Scheme 22» in the general reaction generating carbamates, a caibinol 22*1 is 
converted into the activated derivative 22.2 in which Lv is a leaving group such as halo, 
imidazole benztriazotyl and the Hke, as described below. The activated derivative 22*2 is 
5 then reacted with an amine 223, to afford the carbamate product 22.4. Examples 1 - 7 in 
Scheme 22 depict methods by which the general reaction can be effected. Exanq>Ies 8-10 
illustrate alternative methods for the preparation of carbamates. 

Sch^ne 22, Example 1 illustrates the preparation of carbamates enqploying a chloroformyl 
derivative of the carbinol 22.5. In this procedure, the carbinol 22.5 is reacted with phosgene, 

10 in an inert solvent such as toluene, at about 0% as described in Org. Syn. CoH VoL 3, 167, 
1965, or with an equivalent reagent such as trichloromethoxy chloroformate, as described in 
Org, Syn. CoL VoL 6, 715, 1988, to afford the chloroformate 22.6. The latter con5)ound is 
then reacted with the amine conq>onent 223, in the presence of an organic or inorganic base, 
to afford the carbamate 22.7. For. example, the chloroformyl compound 22.6 is reacted with 

15 the amine 22.3 in a water-miscible solvent such as tetrahydrofuran, in the presence of aqueous 
sodium hydroxide, as described in Org. Syn. Coll. VoL 3, 167, 1965, to yield the carbamate 
22.7. Alternatively, the reaction is preformed in dicbloromethane in the presence of an organic 
base such as diisopropylethylamine or dimethylaminopyridine. 

Scheme 22, Example 2 depicts the reaction of the chloroformate conqpound 22.6 with 
20 imidazole, 22.7, to produce the imidazolide 22.8. The imidazolide product is then reacted 
with the amine 22.3 to yield the carbamate 22.7. The preparation of the imidazolide is. 
performed in an aprotic solvent such as dichloromethane at 0**, and the preparation of the 
carbamate is conducted in a similar solvent at ambient temperature, optionally in the presence 
of a base such as dimethylaminopyiidine, as described in J. Med. Chem., 1989, 32, 357. 
25 Scheme 22 Example 3, depicts the reaction of the chloroformate 22.6 with an activated 
hydroxyl compound R**OH, to yield the mixed carbonate ester 22.10. The reaction is 
conducted in an inert organic solvent such as ether or dichloromethane, in the presence of a 
base such as dicyclohexylamine or triethylamine. Hie hydroxyl component R"OH is selected 
from the group of conq>ounds 22.19 - 22.24 shown in Schenoe 22, and similar coxqpounds. For 
30 exanq>le, if the component R'^OH is hydroxybenztriazole 22.19, N-hydroxysucdnimide 22.20, 
or pentachlorophenoL 22J21» the mixed carbonate 22.10 is obtained by the reaction of the 
chloroformate with the hydroxyl compound in an ethereal solvent io the presence of 
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dicyclohexjdainme, as described in Can. J. Cheia, 1982, 60, 976. A siniilar reaction in which 
the conoponent R"OH is pentafhiorophenol 22^2 or 2-hydroxypyridine 22.23 can be 
performed in an ethereal soNent in the presence of triethylamine, as described in Syn., 1986, 
303, and Chem. Ber. 118, 468, 1985. 

Scheme 22 Example 4 illustrates the preparation of carbamates in which an 
alkyloxycarbonylimidazole 22.8 is ^uoployed. In this procedure, a caibinol 22^ is reacted with 
an equimolar amount of caibonyl diimidazole 22.11 to prepare the intermediate 22*8. The 
reaction is conducted in an aprotic organic solvent such as dichloromethane or 
tetrahydrofiiran. The acylo:?^imidazole 22.8 is then reacted with an equimolar amount of the 
amine RTMHa to afford tlie carbamate 22.7. Hie reaction is performed in an aprotic organic 
solvent such as dichloromethane, as described in Tet. Lett., 42, 2001, 5227, to afford the 
carbamate 22.7. 

Scheme 22, Example 5 illustrates the preparation of carbamates by means of an intermediate 
alkoxycarbonylbenztriazole 22.13. In this procedure, a carbinol ROH is reacted at ambient 
teii5)erature with an equimolar amount of benztriazole carbonyl chloride 22.12, to afford the 
alkoxycarbonyl product 22.13. The reaction is performed in an organic solvent such as 
benzene or toluene, in the presence of a tertiary orgaiiic amine such as triethylamine, as 
described in Syn., 1977, 704. This product is then reacted with the amine R*NH2 to afford the 
carbamate 22.7. The reaction is conducted in toluene or ethanol, at from ambient ten5>erature 
to about 80' as described in Syn., 1977, 704. 

Scheme 22, Exarqple 6 illustrates the preparation of carbamates in which a carbonate 
(R**0)2C0, 22.14, is reacted with a carbinol 22.5 to afford the intermediate alkyloxycarbonyl 
int^mediate 22.15. The latter reagent is then reacted with the amine R'NHa to afford tlie 
carbamate 22.7. The procedinre in which the reagent 22.15 is derived from 
hydroxybenztriazole 22.19 is described in Synthesis, 1993, 908; the procedure in which the 
reagent 22*15 is derived fromN-hydroxysuccinimide 22.20 is described in Tet. Lett., 1992, 
2781; the procedure in which the reagent 22.15 is derived from 2-hydroxypyridine 22.23 is 
described in Tet. Lett, 1991, 4251; the procedure in which the reagent 22.15 is derived from 
4-nitrophenol 22.24 is described in Syn. 1993, 103. The reaction between equimolar amounts 
of the carbinol ROH and the carbonate 22.14 is conducted in an inert organic solvent at 
annbirat temperature. 
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Scheme 22, Exannple 7 illustrates the preparation of carbamates from alkox^carbonyl azides 
22.16. in this procedure, an alkyl chloroformate 22.6 is reacted with an azide, for example 
sodium azide, to afford the alkoxycarbonyl azide 22.16. The latter con^omid is then reacted 
with an equimolar amount of the amine RTSIH2 to afford the carbamate 22*7. The reaction is 
conducted at ambient tenq>erature in a polar aprotic solvent such as dimethylsulfoxide, for 
example as described in Syn., 1982, 404. 

Schen^ 22, Exaiqple 8 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and the chloroformyl derivative of an amine. In this procedure, 
which is described in Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook, Wiley, 1953, 
p. 647, the reactants are combined at ambient teioperature in an aprotic solvent such as 
acetonitrile, in the presence of a base such as triethylamine, to afford the carbamate 22.7. 
Scheme 22, Exaiqple 9 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and an isocyanate 22.18. In this procedure, which is described in 
Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook, Wiley, 1953, p. 645, the reactants 
are combined at ambient ten5)erature in an aprotic solvent such as ether or dicUoromethane 
and the like, to afford the carbamate 22.7. 

Schen^ 22, Exanq)Ie 10 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and an amine R'NH2. In this procedure, which is described in Chem. 
Lett. 1972, 373, the reactants are combined at anihient temperature in an aprotic organic 
solvent such as tetrahydrofuran, in the presence of a tertiary base such as triethylamine, and 
selenium. Carbon monoxide is passed through the solution and the reaction proceeds to afford 
the carbamate 22*7. 
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Scheme 21 
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Scheme 22 
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Preparation of phosphonate intermediates 4 and 5 with phosphonate moieties 
incorporated into the groups R^COOH and R^COOBL 

The chemical transformations described in SchenK« 1-22 illustrate the preparation of 
conq>ounds 1-3 in which the phosphonate est^ moiety is attached to the 
dimethylphenoxyacetyl (R^) substructure, (Schemes 1-3), the phenylalanine moiety (Schemes 
4-6), and the benzyl moiety (Schen^ 7, 8). 

The various chemical methods en5)loyed herein (Schemes 9-22) for the preparation of 
phosphonate groups can, with appropriate modifications known to those skilled in the art, be 
applied to the introduction of phosphonate ester groups into the compounds R^COOH and 
R COOH, as defined in Charts 2a, 2b, and 2c The resultant phosphonate-containing analogs 
R^*COOH and R^COOH can then, using the procedures described above, be employed in the 
pr^aration of the conopounds 4 and 5. The procedures required for the introduction of the 
phosphonate-containing analogs R^(X)H and R^OOH are the same as those described 
above (Schemes 4, 5 and 22) for the introduction of the R^CO and R^CO moieties. 
For cxsanplCy Schemes 23-27 illustrate methods for the preparation of hydroxymethsi- 
substituted benzoic adds (structure C25, Chart 2b) incorporating phosphonate moieties; 
Schen^ 28-30 illustrate the prq>aration of tetrahydropyrimidine aminoac^ derivatives 
(stracture C27, Scheme 2b) incorporating phosphonate ester moieties, and Schemes 31-33 
show the syntheses of benzyl carbamate aminoadd derivatives (structure C4, Chart 2a) 
incorporating phosphonate ester moieties. The thus-obtained phosphonate ester synthons are 
then incorporated into the compounds 4 and 5. 

Scheme 23 illustrates a method for the preparation of hydroxymethylbenzoic add reactants in 
which the phosphonate moiety is attached directly to the phenyl ring. In this method, a 
suitably protected bromo hydroxy mett^rl benzoic acid 23.1 is subjected to Iialogen-methyl 
exchange to afford the organometaDic intermediate 23.2. This compound is reacted with a 
chlorodialkyl phosphite 23.3 to yield the phenylphosphonate ester 23.4, which upon 
deprotection affords the carboxylic add 23.5. 

For example, 4-hromo-3-hydroxy-2-methyIbenzoic acid, 23.6, prepared by bromination of 3- 
hydroxy-2-methylbenzoic acid, as described, for example, J. An^r. Chem. Soc., 55, 1676, 
1933, is converted into the add chloride, for exanq>le by reaction with thionyl chloride. Hie 
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add chloride is then reacted with S-methyl-S-hydroxymethyloxetane 23.7, as described in 
Protective Groups in Organic Synthesis, by T. W. Greene and P.GJVI. Wuts, Wiley, 1991, pp^ 
268, to afford the ester 23.8. This con5)ound is treated with boron trifhioride at 0* to effect 
rearrangement to the orthoester 23.9, known as the OBO ester. This material is treated with a 
silylating reagent, for exanaple tert-butyl cMorodimethylsilane, in the presence of a base such 
as imidazole, to yield the silyl ether 23.10. Halogen-metal exchange is performed by the 
reaction of 23.10 with butyllithium, and the litihdated intermediate is then coupled with a 
chlorodiaBcyl phosphite 23.3, to produce the phosphonate 23.11. Deprotection, for exainpte 
by treatment with 4-toluenesulfonic acid in aqueous pyridine, as described in Can. J. Oiem., 
61, 712, 1983, removes both the OBO ester and the sifyl group, to produce the caihoxySc acid 
23.12. 

Using the above procedures, but en5)loying, in place of the bromo compound 23.6, different 
hromo conapounds 23.1, there are obtained the corresponding products 23.5. 

Scheme 24 illustrates the preparation of hydroxymethylbenzoic acid derivatives in which the 
phosphonate moiety is attached by means of a one-carbon link- 
In this method, a suitably protected dimethyl hydroxybenzoic acid, 24.1, is reacted with a 
brominating agent, so as to effect benzylic hronrination. The product 24.2 is reacted with a 
sodium dialkyl phosphite, 243, as described in J. Med. Chem., 1992, 35, 1371, to effect 
displacement of the benzylic bromide to afford the phosphonate 24.4. Deprotection of the 
carboy^ function then yields the carboxylic acid 24.5. 

For example, 2,5-dimethyl-3-hydroxybenzoic add, 24.6, the preparation of which is described 
in Can. J. Chem., 1970, 48, 1346, is reacted with excess methoxymethyl chloride, as described 
in Protective Groups m Organic Synthesis, by T.W. Gre^e and P.GJVI Wuts, Second Edition 
1990, pl7, to afford the ether ester 24.7. The reaction is performed in an inert solvent such as 
dichloromethane, in the presence of an organic base such as N-methyhnorphoBne or 
diisopropylethylamine. The product 24.7 is then reacted with a brominating agent, for 
example N-bromosuccinimide, in an inert solvent such as, for oxan^le^ ethyl acetate, at reflux, 
to afford the hromomethyi product 24.8. This con^wund is then reacted with a sodium dialkyl 
phosphite 243 in tetrahydrofiiran, as described above, to afford the phosphonate 24.9. 
Deprotection, for exan5)le by brief treatment with a trace of mineral acid in methanol, as 
described in J. Chem. Soc. ChenL Comm., 1974, 298, then yields the carboxylic acid 24.10. 
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Using the above procedures, but employing, in place of the methyl compound 24.6. difierent 
methyl compounds 24.1, there are obtained the corresponding products 24S. 

Scheme 25 illustrates the preparation of phosphonate-contaming hydroxymethylbenzoic acids 
in which the phosphonate group is attached by means of an oxygen or sulfur atom. 
In this method, a suitably protected hydroxy- or mercapto-substituted hydroxymethyl benzoic 
acid 25.1 is reacted, under the conditions of the Mtsonobu reaction, with a dialkyl 
hydroxymethjd phosphonate 25.2. to afford the coupled product 253. which upon 
dq)TDtection affords the carboxylic acid 25.4. 

For example, 3,6Hlihydroxy-2-methylbenzoic acid, 25.6. the preparation of which is described 
in Yakugaku Zasshi 1971. 91. 257. is converted into the diphenyhnethyl ester 25.7. by 
treatment with d^henyldiazomethane. as described in Protective Groups in Organic Synthesis, 
by T. W. Greene and P.G.M. Wuts. Wiley. 1991. pp. 253. The product is then reacted with ' 
one equivalent of a silylating reagent, such as, for example, tert butylchlorodimethylsilane. as 
described in Protective Groups in Organic Synthesis, by T.W. Greene and P.GM Wuts. Wiley. 
Second Edition 1990. p. 77. to afford the mono-silyl ether 25.8. This compomid is then 
reacted with a dialkyl hydroxymethy^hosphonate 25.2, under the conditions of the Mitsonobu 
reaction, as described above (Scheme 15) to afford the coupled product 25 A Deprotection. 
for example by treatment with trifluoroacetic acid at ambient temperature, as described in J. 
Chem. Soc., C. 1 191, 1966. then affords the phenolic carbo}griic acid 25.10. 
Using the above procedures, but employing, in place of the phenol 25.6. difierent phenols or 
thiophenols 25.1, there are obtained the corresponding products 25.4. 

Scheme 26 depicts the preparation of phosphonate esters attached to the 
hydroxymethylbenzoic acid moiety by means of unsaturated or saturated carbon chains. 
In this method, a dialkyl alkenylphosphonate 26.2 is coupled, by means of a palladium 
catalyzed Heck reaction, with a suitably protected bromo substituted hydroxymethylbei 
acid 26.1. the product 263 can be deprotected to afford the phosphonate 26.4. or subjected 
to catalytic hydrogenation to afford the saturated compound, whfch upon deprotection affords 
30 the correspondmg carboxylic add 26.5. 

For example. 5-hromo-3-hydroxy-2-methyIbenzoic add 26.6, prepared as described in WO 
9218490, is converted as described above, into the silyl ether OBO ester 26.7. This 
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compound is coupled with, for example, a dialkyl 4-buteii-l-ylphosphoiiate 26.8, the 
preparation of which is described in J. Med. ChenL, 1996, 39, 949, using the conditions 
described above (Scheme 11) to afford the product 26.9. Deprotection, or 
hydrogenation/deprotection, of this compound, as described above, then affords respectively 
the unsaturated and saturated products 26.10 and 26.11. 

Using the above procedures, but enq>loying, in place of the hromo compound 26.6, different 
hromo con5)ovmds 26.1, and/or different phosphonates 26.2, there are obtained the 
corresponding products 26.4 and 26.5. 

Scheme 27 illustrates the preparation of phosphonate esters linked to the 
hydroxymethylbenzoic acid moiety by means of an aromatic ring. 

In this method, a suitably protected hromo-substituted hydroxymethylbenzoic acid 27.1 is 
converted to the corresponding boronic acid 27.2, by metaHation with butyllithium and 
boronation, as described in J. Qrganomet. Chem., 1909, 581, 82. The product is subjected to 
a Suzuki coupling reaction with a dialkyl bromophenyl phosphonate 27 J. The product 27.4 is 
then deprotected to afford the diaiyl phosphonate product 27.5. 

For exan5>le, the silylated OBO ester 27.6, prepared as described above, (Sch^ne 23), is 
converted into the boronic acid 27.7, as described above. This material is coupled with a 
dialkyl 4>hromophenyl phosphonate 27.8, prepared as described in J. Chem. Soc. Perkin 
Trans., 1977, 2, 789, using tetrakis(trq)henylphQsphine)palladium(0) as catalyst, in the 
presence of sodium bicarbonate, as described, for example, in Palladium reagents and catalysts 
J. Tsuji, Wiley 1995, p 218, to afford the diaryl phosphonate 27.9. Deprotection, as described 
above, then affords the benzoic acid 27.10. 

Using the above procedures, but en5>loying, in place of the bromo compound 27.6, different 
bromo compounds 27.1, and/or different phosphonates 27.3, there are obtained the 
corresponding carboxylic acid products 27.5. 

Scheme 28 illustrates the preparation of analogs of the tetrahydropyriiuidiae carboxylic acid 
C27 in which the phosphonate moiety is attached by means of an alkylene chain incorporating 
a heteroatom O, S, or N. In this procedure, an aminoacid 28.1, in which is as defined in 
Chart 2b, is converted into the corresponding phenyl carbamate 28.2. The preparation of 
phenyl carbamates is described m Tet. Lett., 1977, 1936, and in J. Chem. Soc, C, 1967, 2015. 
The amine substrate is reacted with phenyl chlorofonnate in the presence of an inorganic or 
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organic base, such as potassium carbonate or triethylamine, in an organic, aqueous or aqueous 
organic solvent such as dichloromethane, tetrahydrofuran or water or pyridine. Preferably, the 
anoinoacid 28.1 is reacted with phenyl chlorofonnate, in water containing lithium hydroxide, 
lithium chloride and alumina, at a pH of about 9.5, as described in Org. Process Res. Dev., 
2000, 4, 264, to afford the phenyl carbamate 28.2. This con^pound is then reacted with di(3- 
chloropropyl)amine 283, prepared as described in Tet. 1995, 51, 1197, to afford the amide 
product 28.4. The preparation of amides by reaction of an ester with an amide is described, 
for exaniple, in Comprehensive Organic Transforaiations, by R. C Larock, VCH, 1989, p. 
987. The displacement reaction is effected by treatment of the substrate with the amine, 
optionally in the presence of a base such as sodium noethoxide and the like, to afford the amide 
product 28.4. Preferably, the carbamate 28.2 and the amine 283 are reacted together in 
tetrahydrofuran, in the presence of sodium hydroxide or lithium hydroxide, to produce the 
amide product 28.4. The latter corq)ound is then transformed, optionally without isolation, 
into the chloropropyl-substituted tetrahydropyrimidine product 28.5, by reaction with a strong 
base such as potassium tert. butoxide in tetrahydrofuran, as described in Org. Process. Res. 
Dev., 2000, 4, 264. The conipound 28.5 is then reacted with a dialkyl hydroxy, mercapto or 
aBcylamino-substituted alkylphosphonate 28.6 to afford the displacement product 28.7. The 
reaction is conducted in a polar organic solvent such as dimethylformauMde or acetonitrile, in 
the presence of a base such as sodium hydride, lithium hexamethyldisQazide, potassium 
carbonate or the like, optionally m the presence of a catalytic amount of potassium iodide, to 
afford the ether, thioether or amine product 28.7. 

Alternatively, the chloropropyl-substituted tetrahydropyrimidine con5)ound 28.5 is 
transformed into the corresponding propylamine 28.8. The convereion of halo derivatives into 
anodnes is described, for example, in Comprehensive Organic Transformations, by R. C. 
Larock, VCH, 1989, p. 397fl^ or Synthetic Qrganfc Chemistry, R. B. Wagner, H. D. Zook, 
Waey, 1953 p. 665ff. The chloro compound is reacted with ammonium hydroxide, anhydrous 
ammonia or hexamethylene tetramine, or with an alkali metal amide such as sodamide to 
afford the mine product. Preferabty, the chloro compound is reacted with potassium 
phthaUnoide, and the phthalimido product is then cleaved by treatment with hydrazine, as 
described in Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook, Wiley, 1953 p. 679, to 
afford the amine 28.8. The product is then subjected to a reductive amination reaction with a 
dialkyl fomylalkyl phosphonate 28.9, to yield the phosphonate product 28.10. 
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For exaiqple, as shown in Scheme 28, Exan5)le 1, 3-nQethyl-2-phenoxycarbonylainmo-butyric 
acid 28*11, prepared as described in Org. Process Res. Dev., 2000, 4, 264, is reacted with 
di(3-chloropropyl)arDme, using the conditions described above, to afford 2-[3,3-bis-(3-chloro- 
propyl)-ureido]-3-methyi-butyric acid 28.4. The product is then reacted sequentially with 
5 sodium hydroxide and then potassium tert. butoxide in tetrahydrofuran, as desoibed in Org. 
Process Res. Dev., 2000, 4, 264, so as to aiBford the cyclized product 2-[3-(3-chloro-propyl)- 
2-oxo-tetrahydro-pyriinidin-l-yl]-3-methyl-butyric acid 28.13. The latter coi][5)ound is then 
reacted in dimethylformamide solution at about 70"*, with a dialkyl 2-mercaptoethyl 
phosphonate 28.14, prepared as described in Zh. ObscheL KhinL, 1973, 43, 2364, potassium 
10 carbonate and a catalytic amount of potassium iodide, to yield the phosphonate ester 28.13. 
Using the above procedures, but enploying, in place of the valine carbamate 28.11, difTerent 
carbamates 28.2, and/or different hetero-substituted alkyl phosphonates 28.6, the 
corresponding products 28.7 are obtained. 

As a further iQustration, Scheme 28, Example 2 depicts the reaction of the chloropropyl 
15 tetrahydropyrimidine derivative 28.13 with potassium phthalimide 28.16. Equimolar amounts 
of the reactants are cornbined in dimethylformamide at ca 80*", in the presence of a catalytic 
amount of potassium iodide, to afford 2-{3-[3-(l,3-dioxo-l,3-dihydro-isoindol-2-yl)-propyl]- 
2-oxo-tetrahydro-pyriinidin-l-yl}-3-methyl-butyric acid 28.17. The product is then reacted 
under reductive amination conditions, as described above (Scheme 10) with a dialkyl 
20 formylphenyl phosphonate 28.19 (Epsilon) to yield the phosphonate ester product 28.20. 

Using the above procedures, but eiiq)loying, in place of the valine carbamate 28.11, different 
carbamates 28.2, and/or different formyl-substituted alkyl phosphonates 28.9, the 
corresponding products 28.10 are obtained. 

25 Scheme 29 illustrates the prq)aration of analogs of the tetrahydropyrimidine carboxylic acid 
C27 in which the phosphonate nK)iety is attached by means of an alkylene chain. In this 
procedure, an aminoacid 29.1 is subjected to an alkylation reaction with a propanol derivative 
29.2 in which Lv is a leaving group such as halo or sulfonyl. The reaction is conducted in 
aqueous or aqueous organic solution in the presence of a base such as sodium hydroxide, 

30 potassium carbonate and the Eke, to afford the product 29.3. This coinpound is then oxidized 
to the corresponding aldehyde 29.4. The conv^sion of alcohols to aldehydes is described, for 
exanple, in Conoprehensive Organic Transformations, by R C Larock, VCH, 1989, p. 604ff. 
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Typicany» the alcohol is reacted with an oxidizing agent such as pyridiniuin chlorochromate, 
silver carbonate, or dimethyl sulfoxide/acetic anhydride. The reaction is conducted in an inert 
aprotic solvent such as pyridine, dichloronoethane or toluene. Preferably, the alcohol 29.3 is 
reacted with an equimolar anK>unt of pyridinium cblorochromate in dichlororDethane at 
5 ambient tenq>erature, to aJBTord the alddiyde 29.4. This material is then subjected to a 

reductive amination reaction with a dialkyl aminoalkyi phosphonate 29.5, using the conditions 
described above (Scheme 10) to produce the phosphonate ester 29.6. The latter compoimd is 
then reacted with phosgene, or carbonyldiimidazole or an equivalent reagent, to yield the 
tetrahydropyrimidine product 29.7. Equinoolar amounts of the reagents are combined in an 
10 inert polar solvent such as tetrahydrofiiran or dimethylformamide at ambient tenperature, to 
effect the cyclization reaction. 

For exan^)le, 2-(3-hydroxy-propylanaino)-3-methyl-butyric acid, the preparation of which is 
described in ToxicoL AppL Pharm., 1995, 131, 73, is oxidized, as described above, to afford 
3-methyl-2-(3-oxo-propylamino)-butyric acid 29.9. The product is then reacted with a dialkyl 

15 aminoethyl phosphonate 29.10, the preparation of which is described in J. Org. Chem., 2000, 
65, 676, under reductive amination conditions, to give the product 29.11. This compound is 
then reacted one molar equivalent of carbonyldiimidazole in dichloromethane, as described in 
US Patent 5914332, to afford the tetrahydropyrimidine product 29.12. 
Using the above procedures, but employing, in place of the valine derivative 29.8, different 

20 aminoacid derivatives 29.3, and/or different amino-substituted alkyl phosphonates 29.5, the 
corresponding products 29.7 are obtained. 

Scheme 30 illustrates the preparation of analogs of the tetrahydropyrimidine carboxylic acid 
C27 in which the phosphonate moiety is attached by roeans of an alkylene chain. In this 

25 procedure, a tetrahydropyrimidine aminoacid dmvative, prepared as described ia U.S .Patent 
5,914,332, is converted iuto the carboxyl-protected compound 30.2. The protection and 
deprotection of carboxyl groups is described in Protective Groups in Organic Synthesis, by 
T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 224ff. For exan5)le, the 
carboxyl group is protected as a benzyl or substituted benzyl ester, removable by means of 

30 hydrogenolysis, or as a tert. butyl ester, removable by treatment with anhydrous add. The 

carboxyl-protected derivative 30*2 is then reacted with a dialkyl bromoaBcyl phosphonate 303, 
in the presence of a strong base such as sodium hydride, potassium tert. butoxide, Mdum 
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hexamethyMisilazide and the like, in a polar solvent such as dimethylformamide, to aflFord the 
angulation product 30.4. The caiboxyl group is then deprotected to yield the carboxylic acid 
303. 

For example, 3-methyl-2-(3-inethyl-2-oxo-tetrahydro-pyrimidin-l-y5.butyric acid 30.6, 
prepared as described in Org. Process Res. Dev., 200, 4, 264, is converted into the benzyl 
ester 30.7 by reaction with benzyl alcohol, dicyclohexylcarbodiimide and 
dimethylaniinopyridine in dichloronoethane, as described in J. ChenL Soc. Chem. Comm., 
1982, 1 132. The product is then treated with one molar equivalent of hthium 
hexamethyldisilazide in dimethylfoimamide, and the resultant anion is reacted with one molar 
equival^ of a dialkyl 3-hromopropyl phosphonate 30.8 (Aldrich), to prepare the alkylated 
product 30.9. The benzyl ester is then converted into the carboxylic acid 30.10, by 
hydrogenofysis over a palladium catalyst, as described in Org. React., Vn, 263, 1953. 
Using the above procedures, but eiEploying, in place of the valine derivative 30.6, different 
aminoacid derivatives 30.1, and/or different bromo-substituted alkyl phosphonates 30.3, the 
coire^onding products 30.5 are obtained. 

Scheme 31 illustrates the preparatk>n of phosphonate-containing derivatives of the carboxylic 
add C4 (Chart 2a) in which the phosphonate group is attached by means of an aBcylene chain 
and a heteroatom O, S or N. In this procedure, a substituted benzyl alcohol 31.1 is reacted 
vwth a dialkyl hromoalkyl phosphonate 3L2 to prepare the ether, thioether or amine product 
31.3. The aDcylation reaction is conducted in a polar organic solvent such as 
dimethylformamide or acetonitrile, in the presence of a base such as potassium carbonate, 
optionally in the presence of a catalytk: amount of potassitan iodide. The benzyl alcohol 
product 313 is then transformed into a formyi derivative 31.4, in which Lv is a leaving group, 
as described above (Scheme 22). The formate derivative 31.4 is then reacted with a carboxy- 
protected amino acid 31.5, using the procedures described above for the preparation of 
carbamates (Scheme 22), to ajBFord the carbamate product 31.6. The carboxy-protecting group 
is then removed to afford the carboxylic add 31.7. The carboxyl protecting group present in 
the aminoadd 31.5 is selected so that the conditions for removal do not cleave the benzyl 
carbamate moiety in the substrate 31.6. 

For exanaple, 3-methylaminobenzyl akohol 31.8 is reacted in dimethylformamide sohition at ca 
70' with one molar equivalent of a dialkyl bromoethyl phosphonate 31.9(Aldrich) and 
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potasshun carbonate, to afford the amine 31.10. The product is then with reacted one loolar 
equivalent of carbonyldiiiDidazole in tetrahydrofiiran, to give the imidazolide product 31.11. 
The conq[)ound is then reacted vidth the tert butjd ester of valine 31.12, ia pyridine at ambient 
temperature, to afford the carbamate product 31.13. The tert. butyl ester is then removed by 
5 treatment of the ester 31.13 with trifluoroacetic acid at 0\ as described in J. Am. C3iem. Soc., 
99, 2353, 1977, to afford the carboxylic acid 31.14. 

Using the above procedures, but en^loying, in place of the ben2yl alcohol derivative 31.8, 
different benzyl alcohols 31.1, and/or different bromo-substituted aBqrl phosphonates 31.2, the 
corresponding products 31.7 are obtained. 

10 

Scheme 32 illustrates the preparation of phoq)honate-containing derivatives of the carboxylic 
acid C4 (Chart 2a) in which the phosphonate group is attached by means of a saturated or 
unsaturated alkylene chain. In this procedure, a bromo-substituted benzyl alcohol 32.1 is 
coupled, in the presence of a palladium catafyst, with a diallcyl alkenylphosplK)nate 32.2. The 

15 coupling reaction between aryl bromides and olefins is described above (Scheme 11). The 
coupled product 32.3 is then converted into the carbamate derivative 32.5, by means of the 
series of reactions ilhistrated above (Scheme 31) for the conversion of the benzyl alcohol 31.3 
into the carbamate derivative 31.7. Altematively, the unsaturated con5)ound 32.3 is reduced, 
diimide or diborane, as described in Comprehensive Organic Transformations, by R. C. 

20 Larock, VCH, 1989, p.8, to produce the saturated analog 32.4. This material as then 
transformed, as described above, into the carbamate derivative 32.6. 
For exanq)le, 4-bronaobenq^l alcohol 32^7 is coupled, in the presence of diethyl 
viny^hosphonate, prepared as described in Synthesis, 1983, 556, in the presence of ca. 3 mol 
% of palladiam(II) acetate, triethylamine and tri(o-tolyl)phosphine in acetonitrile at ca. 100° 
25 in a sealed tube, as described ia Synthesis, 1983, 556, to produce the coupled product 32.9. 
The product is then convated, as described above, into the unsaturated and saturated 
carbamate derivatives 32.10 and 32.11. 

Using the above procedures, but en5)loying, in place of 4-bromobenzyI alcohol 32.7, different 
benzyl alcohols 32.1, and/or different dialkyl alkenyl phosphonates 32*2, the corresponding 
30 products 32.5 and 32.6 are obtained 



-773- 



wo 03/090690 



PCTAJS03/12901 



Scheme 33 iDustrates the preparation of phosphonate-containing derivatives of the carboxylic 
acid C4 (Chart 2a) in which the phosphonate group is attached by means of a phenyl ring. In 
this procedure, a benzaldebyde boronic acid 33.1 is coupled, using the procedures described 
above (Scheme 27) with a dialkyi hromophenylphoq)honate 33.2, to afford the bq)henyl 
5 derivative 333, The aldehyde group is then reduced to give the corresponding benzyl alcohol 
33.4. The reduction of aldehydes to afford alcohols is described, for exanq}le, in Organic 
Functional Group Preparations, by S^Sandler and W. Karo, Academic Press, 1968. The 
conversion can be effected by the use of reducing agents such as sodium borohydride, lithium 
aluminum tri-tertiarybutoxy hydride, diborane and the like. Preferabty, the aldehyde 33.3 is 
10 reduced to the carbinol 33.4 by reaction with sodium borohydride in ethanol at ambient 

t^rqperature. The resulting benzyl alcohol is then transformed, using the procedures described 
above, (Scheme 31) into the carbamate derivative 33.5. 

For example, 3-formylphenyIboronk: acid 33.6 (Fhika) is coupled with a dialkyi 4- 
bromophenylphosphonate 33.7, prepared as described in J. Organomet. Chem., 1999, 581, 62, 

15 in the presence of tetrakis(triphenyIphosphine)pa]ladium and sodium bicarbonate, as described 
in Palladium Reagents and Catalysts, by J. Tsuji, Wiley 1995, p. 218, to yield the diphenyl 
compound 33.8. The aldehyde group is reduced to afford the carbinol 33.9, and the latter 
con5)oimd is then transformed, as described above, into the carbamate derivative 33.10. 
Using the above procedures, but employing, in place of the benzaldebyde 33.6, different 

20 benzaldehydes 33.1, and/or different dialkyi bromophenyl phosphonates 33.2, the 
corresponding products 33-4 are obtained. 
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Scheme 23 
Method 




Scheme 24 
Method 
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Scheme 25 
Method 
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Scheme 26 
Method 
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Scheme 27 
Method 
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Scheme 28 
Method 
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Scheme 29 
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Scheme 31 
Method 
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Scheme 32 
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10 



15 



General applicability of methods for introduction of phosphonate substituents. 

The n»thods described herein for the preparation of phosphonate ester intennediate 
compounds are, with appropriate modifications, generally applicable to diffoent substrates, 
such as the carboxylic acids depicted in Oiarts 2a, 2b and 2c Thus, the methods described 
above for the introduction of phosphonate groups into the dimethy4>henoxyacetic acid moiety 
(Schemes 9-14), can, with appropriate modifications known to those skilled in the art, be 
applied to the introduction of phosphonate groups into the phenylalanine synthon for the 
preparation of the phosphonate esters 3. Similarly, the methods described above for the 
introduction of phosphonate groups into the phenylalanine moiety (Schemes 15-17), the 
hydroxy methyl substituted benzoic acids (Schemes 23- 27), the tetrahydropyrimidine analogs 
(Scheuffis 28-30), and the benzyl carbamates (Schemes 31- 33) can, with appropriate 
modifications known to those skilled in Uie art, be appfied to the introduction of phosphonate 
groups into the dimethylpbenoxyacetic acid component. 

Atazanavir-like phosph onate protease inhihitftrs (ATLPPD 



20 



25 



30 



Prqiaration of the intennediate phosphonate esters. 

The structures of the intermediate phosphonate esters 1 to 7, and the structures for the 
con?)onent groups X, R' and of this invention are shown in Chart 1. The structures of 
the R COOH and R COOH components are shown in Charts 2a, 2b and 2c, and the structures 
of the R^CHa conqwDnents are shown in Chart 3. The structures of the R^ components are 
shown in Chart 4, Specific stereoisomers of some of the structures are shown in Charts 1-4; 
however, all stereoisomers are utilized in the syntheses of the con5K)unds 1 to 7. Subsequent 
chemical modifications to the compounds 1 to 7, as described herein, permit the synthesis of 
the final conqpounds of this invention. 

The intermediate compounds 1 to 7 incorporate a phosphonate moiety (R^0)2P(0) connected 
to the nucleus by means of a variable linking group, designated as "link" in the attached 
structures. Charts 5 and 6 ilhistrate examples of the linking groups present in the structures 1 
- 7, The term "etc** in Charts 3, 5 and 6, refers to the scaffold atazanavir. 
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Schemes 1-56 illustrate the synthses of the intermediate phosphonate compounds of this 
invention, 1- 5, and of the intermediate con5)omids necessary for their synthesis. The 
preparation of the phosphonate esters 6 and 7, in which the phosphonate moiety is 
incorporated into the groups R^COOH and R^COOH, are also described below. 



-784- 



wo 03/090690 



PCTAJS03/12901 



(%art 1. Structures of the phosphonate esters 1-7. 
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Chart 2a Structures of the R^COOH and R^COOH components 
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= alkyl. CH2S02CH3,C(CH3)2S02CH3,CH2CONH2, CH2SCH3, imidaz-4-ylmethyl, NHAc, 
NHCOCF3 
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Chart 5 Examples of the linking group between the scaffold and the phosphonate moiety. 
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Chart 6 Examples of the linking group between the scaffold and the phosphonaite moiety. 
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Protection of reactive substituents. 

Depending on the reaction conditions employed, it may be necessary to protect certain 
reactive substitaents from unwanted reactions by protection before the sequence described, 
and to deprotect the substituents aflCTwards, according to the knowledge of one skilled in the 
art. Protection and deprotection of fimctional groups are described, for example, in Protective 
Groups in Organic Synthesis, by T.W. Greene and RG.M Wuts, Wiley, Second Edition 1990. 
Reactive substituents which may be protected are shown in the accompanying schemes as, for 
exan5)le, [OH], [SH]. 

Preparation of the phosphonate ester intermediates 1 in which X is a direct bond. 



Schemes 1 and 2 iDustiate the preparation of the phosphonate esters 1 in which X is a direct 
bond. As shown in Scheme 1, the oxirane 1.1 is reacted witii the BOC-protected hydrazine 
derivative 1.2 to afford tiie aminoalcohol 13. The preparation of the oxiranes 1.1, in which Y 
is as defined in Scheme 1, is described below, (Scheme 3). The preparation of the hydrazine 
derivatives R^NHNHBOC is described below. (Scheme 4). The reaction between tiie oxirane 
1.1 and tire hydrazine 1.2 is conducted in a polar organic solvent such as dimethylformamide, 
acetonitiile or, preferably, a lower aDcanoL For exan5>le, equimolar amounts of die reactants 
are combined in isopropanol and heated to ca. 80' for about 16 hours, as described in WO 
9740029, to afford tiie aminoalcohol 13. The cbz protecting group is then removed from tiie 
product to yield the free amine 1.4. The removal of carbobenzyloxy substituents to afford tiie 
corresponding amines is described in Protective Groups in Organic Synthesis, by T.W. Greene 
and P,GM Wuts, Wiley, Second Edition 1990, p. 335. The conversion can be effected by the 
use of catalytic hydrogenation. in tiie presence of hydrogen or a hydrogen donor and a 
palladium catalyst Alternatively, tiie cbz group can be removed by treatment of the substrate 
witii trietiiylsilane. trietiiylamine and a catatytic amount of palladrum QD chloride, as described 
in Chem. Ber., 94, 821, 1961, or by tiie use of trimetiiylsilyi iodide in acetonitrile at amWent 
temperature, as described in J. Chem. Soc, Peridn Trans. 1. 1277, 1988. The cbz group can 
also be removed by treatinent witii a Lewis acid such as boron tiibromide. as described in J. 
Org. Chem., 39, 1247, 1974, or aluminum chloride, as described in Tet. Lett., 2793, 1979. 
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Preferably, the protected amine 13 is converted into the free amine 1.4 by means of 

hydrogenation over 10% paDadimn on carbon catatyst in ethanol, as described in US Patent 
5196438. 

The amine product 1.4 is then reacted with a carboxylic acid 1.5 to a£ford the amide 1.6. The 
preparation of amides from carbojqrlic acids and d«ivatives is described, for exainple, in 
Organic Functional Group Preparations, by S.R.Sandlear and W. Karo, Academic Press, 1968, 
p. 274, and in Comprehaisive Organic Transformations, R. C. Larock, VCH, 1989, p. 
972ffi The carboxyHc add is reacted with the amine in the presence of an activating agent, 
such as, for exmaple, dicyclohexylcarbodiimide or diisopropylcarbodiimide, optionally in the 
presaice o^ for exan5)le, hydroxybenztriazole. N-hydroxysuccimmide or N-hydroxypyridone, 
in a non-protic solvent such as, for example, pyridine, DMF or dichloromethane, to afford the 
amide. 

Alternatively, the carboxylic acid may first be converted into an activated deaivative such as 
the acid chloride, imidazolide and the like, and then reacted with the amine, in the presence of 
an orgamc base such as, for example, pyridine, to afford tite amide. 
The conversion of a carijoxylic add into the corresponding add chtoride can be effected by 
treatment of the carboxylic acid with a reagent such as, for example, thionyl chloride or oxalyl 
chloride in an inert organic sohrent such as dichloromethane. Preferably, equimolar amounts 
of the amine and the carijoxylic add arc reacted in tetrahydrofiiran at ca. -10°, in the presence 
of dicyclohexylcarbodiimide, as described in U.S. Patent 5,196,438, to afford the aminoamide 
1.6. The aminoamide is then reacted with a reagent A-CRVoCOX (1.7), in which the 
substituent A is the group (R'0)2P(0)-]ink, or a precursor group thereto, such as [OH], [SHI, 
INH], Br, as desoibed betow, and io which the substituwit X is a leaving group, to yield the 
carbamate 1.8, The reagent A-CRVocOX is daived from the conesponding afcohol A- 
CRVoH, using methods described below, (Scheme 20). The preparation of the reactants A- 
CR R OCOX is described in Sdiemes 21 - 26. The preparation of carbamates by means of 
reactions between akohols and amines is described in Scheme 20. 
The BOC-protected amine present in the carbamate product 1.8 is then deprotected to 
produce the free amine 1.9. Tlie removal of BOC protecting groups is described, for example, 
in Protective Groups m Organic Synthesis, by T.W. Greene and P.GJVl Wuts, Wiley, Second 
Edition 1990, p. 328. The deprotection can be effected by treatment of the BOC compound 
with anhydrous acids, for exanqjle, hydrogen chloride or trifluoroacetk; acid or formic add, or 
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by reaction with trimethylsilyl iodide or aluminum chloride. Preferably, the BOC group is 
removed by treatment of the substrate 1.8 with hydrogen chloride in tetrahydrofiiran, for 
example as described in Org. Process Res. Dev., 2002, 6, 323. The resulting amine 1.9 is then 
coupled with a carboxyhc acid or an activated derivative thereof 1.10, to afford the amide 
1.11, using the conditions described above for the preparation of the anaide 1.6. 
For example, the amine 1.9 is reacted with the carboxyhc acid 1.10, X = OH, in the presence 
of a water-soluble carbodiimide such as l-(3-din]ethylaminopropyl)-3-ethylcarbodiimide, 
hydroxybenztriazole and triethylamine, as described in J. Med. Chem., 41, 1988, 3387, to yield 
the amide 1.11. 

The procedures illustrated in Scheme 1 depict the preparation of the compounds 1.11 in which 
the substituent A is either the group Iink-P(0)(OR% or a precursor thereto, such as [OH], 
[SH], Br, as described below. Scheme 2 iDustrates the conversion of coii;x)unds 1.11 in 
which A is a precursor to the group Iink-P(0)(0R^)2 into the con5)ounds 1. Procedures for 
the conversion of the substituent A into the group link-P{0)(OR% are iflustrated below, 
(Schemes 21 - 56). In the procedures illustrated above, (Scheme 1) and in the procedures 
illustrated below (Schemes 3 - 19) for the preparation of the phosphonate esters 1-7, 
conqwunds in which the group A is a precursor to the group link-P(0)(0R^)2 inay be 
converted into con5)ounds in which A is link-P(0)(0R^)2 at any appropriate stage in the 
reaction sequence, or, as shown in Scheme 2, at the end of the sequence. The selection of an 
appropriate stage to effect the conversion of the group A into the group link'-P(0)(OR% is 
made after consideration of the nature of the reactions involved in the conversion, and the 
stability of the various components of the substrate to those reaction conditions. 

Scheme 3 illustrates the preparation of the epoxides 1.1 used above in Scheme 1. The 
preparation of the epoxide 1.1 in which is H is described in J. Org. Chem., 1994, 59, 3656. 
Analogs in which R^ is one of the substituents defined in Chart 3 are prepared as shown in 
Schen» 3. A substituted phenjdalanine 3.1 is first converted into the benzyloxycarbonyl (cbz) 
derivative 3.2. The preparation of benzyloxycarbonyl amdnes is described in Protective 
Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, 
p. 335. The aminoacid 3.1 is reacted with benzyl chloroformate or dibenzyl carbonate in the 
presence of a suitable base such as sodium carbonate or triethylamine, to afford the protected 
amine product 3.2. The conversion of the carbojq^lic acid 3J^ into the epoxide 1.1. for 



-793- 



wo 03/090690 



PCT/US03/12901 



exan5>le using the sequence of reactions which is described in J. Med. Chem,, 1994, 37, 1758, 
and in J. Org. Chena., 1994, 59, 3656 is then effected. The carboxylic acid is first convCTted 
into an activated derivative such as the acid chloride 3 J, in which X is Cl^, for exan5>le by 
treatment with oxalyl chloride, or into a mixed anhydride, for example by treatment with 
isobutyl chloroformate, and the activated derivative thus obtained is reacted with ethereal 
diazomethane, to afiford the diazoketone 3*4. The reaction is performed by the addition of a 
solution of the activated carbo:;Q^Iic add derivative to an ethereal solution of three or more 
molar equivalents of diazomethane at O\ The diazoketone 3.4 is converted into the 
chloroketone 3.5 by reaction with anhydrous hydrogen chloride, in a suitable solvent such as 
diethyl ether, as described in J. Org. Chem.. 1994, 59, 3656. The laUex compound is then 
reduced, for exaniple by the use of an equimolar amount of sodium borohydride in an ethereal 
solvent such as tetrahydro&ran at 0% to produce a mixture of chlorohydrins from which the 
minor diastereomer 3.6 is separated by chromatography. The chlorohydrin 3.6 is then 
converted into the epoxide 1.1 by treatment with a base such as an alkali metal hydroxide in an 
alcoholic solvent, for cxmnplc as described in J. Med. Chem., 1997, 40, 3979. Preferabty, the 
compound 3.6 is reacted with ethanolic potassium hydroxide at ambient ten5)erature to afford 
the epoxide 1.1. The preparations of analogs of the oxirane 1.1 in whkh the amino group is 
protected respectively as the tert-butoxycarbonyl and trifluoroacetyl derivatives are described 
respectively in J. Med. ChenL, 1994, 37, 1758 and J. Med. Chem., 1996, 39, 3203. 

Scheme 4 depicts the preparation of the hydrazine derivatives 1.2, in which is 
CH2-aryl, CHi-alkyl, CHa-cycloalkyl as shown in Chart 4. The general procedure for the 
preparation of BOC-protected hydrazine derivatives firom the corresponding aldehyde RCHO 
(4.1) is shown in Scheme 4. The aldehyde is reacted with tert. butyl carbazate 4JJ, in a solvent 
such as an alkanol, a hydrocarbon such as toluene, or a polar organic solvent such as 
din^thylformamide, to afford the substituted hydrazone 43. Preferably, equimolar amounts of 
the reactants are heated in a mixture of toluene and isopropanol, as described in Org. Process 
Res. Dev., 2002, 6, 323, to prepare the hydrazone 43. The product is then reduced to the 
corresponding hydrazine dmvative 4.4. The transformation can be effected by chemical 
reduction, for example by the use of sodium borohydride, sodium cyanoborohydride, or 
sodfamo triacetoxyborohydride or the Hke, or by palladium-catalyzed reduction in the presence 
of hydrogen or a Iq^drogen donor such as anamonram formate. Preferably, the hydrazone 43 
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is reduced to the hydrazine 4.4 by hydrogenation at ambient ten5)erature and pressure, in the 
presence of palladium hydroxide on carbon, as described in Org. Process Res. Dev., 2002, 6, 
323. 

The preparation of the hydrazine derivatives 1.2 in which a diaiyl moiety is present is shown in 
Scheme 4, Exaniple 1. In this procedure, a fomryl-substituted phenyl boronate 4.5 (Lancaster 
Synthesis) is transformed, by means of a palladium-catalyzed coupling with an aryl or 
heteroaryl bromide 4.6, to afford the aldehyde 4.7. The coupling of aryl bromides with aryi 
boronates is described, for example, in Palladium Reagents and Catalysts, by J. Tsuji, Wiley 
1995, p. 218 and in Corcprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p 
57. Typically, the reactants 4.5 and 4.6 are combined in an aprotic organic solvent such as 
dimethylformamide in the presence of a palladium (0) catalyst such as 
tetrakis(triphenylphosphine)palladiuin and a base such as sodium bicarbonate or potassium 
acetate, to afford the coupled product 4.7. This material is then reacted with a protected 
hydrazine derivative such as tert-butoxycarbonylhydrazine (tert-butyl carbazate) 4.2, to yield 
the hydrazone 4.8. The reaction between equimolar amounts of the aldehyde and the 
protected hydrazine is conducted in alcoholic solvent such as ethanoL at reflux temoerature 
for exan5)le as described in WO9740029, to produce the hydrazone 4.8. The latter con5)Ound 
is then reduced, for c^xamplc by the use of hydrogen in the presence of a palladium catalyst, as 
described in WO 9740029, or by the use of sodium cyanoborohydride and p-toluenesulfonic 
acid in tetrahydrofuran, as described in J. Med. Chem., 1998, 41, 3387, to afford the 
substituted hydrazine 1.2. Other reactants 1.2, in which R^ is as defined in Chart 4, are 
prepared from the ^propriate aldehydes, using the procedures of Scheme 4. 
Scheme 4, Example 2 illustrates the preparation of phosphonate-containing pyridylphenyl 
hydrazine derivatives 4.11, which are en:5)loyed in the preparation of the phosphonate esters 
3a. In tiiis procedure, a phosphonate-substituted pyridyl benzaldehyde 4.9, the preparation of 
which is described below, (Schemes 40 and 41) is reacted, as described above, with tert. butyl 
carbazate 4.2, to afford the hydrazone 4.10. This compound is then reduced, in the presence 
of palladium hydroxide as catafyst, as described above, to yield the hydrazine product 4.11. 
Scheme 4, Exan5)le 3 ilhistrates the preparation of phosphonate-containing biphenyl hydrazine 
dOTvatives 4.13, which are employed in the pr^aration of the phosphonate esters 3b. In this 
procedure, a phosphonate-substituted phenyl benzaldehyde 4.12 the preparation of which is 
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described below, (Schemes 42- 44) is converted, as described above in Example 2 into 
hydrazine product 4.13. 

Scheme 4, Exsanaple 4 illustrates the preparation of phosphonate-containing phenyl hydrazine 
derivatives 4.15, which are employed in the preparation of the phosphonate esters 3d. In this 
procedure, a phosphonate-substituted phenyl benzaldehyde 4.14, the preparation of which is 
described below, (Schemes 45 - 48) is converted, as described above in Ensar^lt 2 into 
hydrazine product 4.15. 

Scheme 4, Example 5 iSustrates the preparation of phosphonate-contaming cyclohexyl 
hydrazine derivatives 4.17, which are en5)loyed in the preparation of the phosphonate esters 
3c. In this procedure, a phosphonate-substituted cyclohexane carboxaldehyde 4.16, the 
preparation of which is described below, (Schemes 49 - 52 ) is converted, as desaribed above 
in Exanq)le 2 into hydrazine product 4.17. 
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Preparation of the phosphonate ester intermediates 1 in yvldch X is sulftir. 

Schemes 5 and 6 illustrate the preparation of the coiDpoimds 1 in which X is sulfiir. In this 
sequence, methanesulfonic acid 2-benzojdoxycarbonylamino-2-(2,2-diniethyl-[l,3]dioxolan-^ 
yl)-ethyl ester, 5.1, prepared as described in J. Org. Chem, 2(X)0, 65, 1623, is reacted with a 
thiol R^SH 5.2, as defined above, to afiford the thioether 53. 

The reaction is conducted in an organic soNent such as,* for exanq)le, pyridine, DMF, toluene 
and the Bke, optionally in the presence of wator, in the presence of an inorganic or organic 
base, at from 0° to 80^ for from 1-12 hours. Preferably the mesylate 5.1 is reacted with an 
equimokr amount of the thiol R^SH 5.2, in a mixture of a water-immiscible organic solvent 
such as toluene, and water, in the presence of a phase-transfer catalyst such as, for example, 
tetrabutyl ammonium bromide, and an inorganic base such as sodium hydroxide, at about 50'', 
as described in J. Org. Chem., 1994, 59, 3656, to give the product 5.3. The 1,3-dioxolane 
protecting group present in the compound S3 is then removed by acid catalyzed hydrolysis or 
by exchange with a reactive carbonyl conq>ound to afford the diol 5.4. Methods for 
conversion of 1,3-dioxolanes to the corresponding diols are described in Protective Groups in 
Organic Synthesis, by T.W. Greene and P,GM Wuts, Second Edition 1990, pl91. For 
exan5)le, the 1,3-dioxolane compound S3 is hydrolyzed by reaction with a catalytic amount of 
an acid in an aqueous organic solvent mixture. Preferably, the 1,3-dioxolane 5.3 is dissolved 
in aqueous methanol containing hydrochloric acid, and heated at ca. 50°, to yield the diol 
product 5.4. 

The primary hydroxyl group of the diol 5.4 is then selectively activated by reaction with an 
electron-withdrawing reagent such as, for example, dinitrobenzoyl chloride or 
p-toluenesulfonyl chloride. The reaction is conducted in an inert solvent such as pyridine, 
dichloromethane and the like, in the presence of an inorganic or organic base. 
Preferably, equinoolar amounts of the diol 5.4 and p-toluenesufonyl chloride are reacted in a 
solvent such as pyridine, in the presence of a tertiary organic base such as 2-picoline, at 
ambient temperature, as described in J. Org. Chem, 2000, 65, 1623, to afford the 
p-toluenesulfonate estar 5.5. 

The latter con5>ound is then reacted with the hydrazine derivative 1.2 to afford the hydrazine 
5.6. The displacement reaction is conducted in a polar aprotic solvent such as 
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diniethylfoniiaiaide, acetonitrile, dioxan and the like, in the presence of an organic or inorganic 
base, to afford the product 5.6. Preferably, equimolar amounts of the reactants are combined 
in dimethylformamide at ca. 80° in the presence of potassium carbonate, to produce the 
hydrazine product 5.6. The cbz protecting group is then removed to afford the amine 5.7. The 
removal of carbobenzyloxy substituents to afford the corresponding amines is described in 
Protective Groups in Organic Synthesis, by T.W. Greene and P.G.M Wuts, Wiby, Second 
Edition 1990, p. 335. The conversion can be effected by the use of catalytic hydrogenation, in 
the presence of hydrogen or a hydrogen donor and a palladium catalyst Alternatively, the cbz 
group can be removed by treatinent of flie substirate witii triethylsilane, trietiiylamine and a 
catalytic amount of palladium (II) chloride, as described in Chem. Ber., 94, 821, 1961, or by 
the use of tiimetiiylsilyl iodide in acetonibile at ambient temperature, as described in J. Chem. 
Soc, Peridn Trans, 1, 1277, 1988, The cbz group can also be removed by treatment with 
Lewis acid such as boron trihromide, as described in J, Org. Chem., 39, 1247, 1974, or 
aluminum chloride, as described in Tet, Lett,. 2793, 1979. Preferably, tiie cbz protecting 
group is removed by hydrogenation of die substrate 5.6 in tiie presence of 5% palladium on 
carbon catalyst, to yield the amine 5.7. The amine is tiien coupled with tiie aminoacid 5.8 to 
give tile amine 5.9. The reaction is effected under tiie same conditions as described above for 
the preparation of the amide 1.6. 

The amine is then reacted with a reagent A-CRVoCOX (1.7), in which the substituent A is 
the group (R'0)2P(0)-link, or a precursor group thereto, such as [OH], [SH], [NH], Br, as 
described below, and in which die substituent X is a leaving group, to yield the carbamate 

5.10. The reagent A-CRVoCOX is derived from the corresponding alcohol A-CRVoH, 
using methods described below, (Scheme 20). The preparation of tiie reactants A- 

CR R OCOX is described in Schemes 21 - 26, The prq)aration of carbamates by means of 

reactions between alcohols and amines is described below, in Scheme 20. 

The BOC protecting group is then removed from tiie product 5.10 to produce tiie hydrazme 

5.11. The conditions for tiie removal of tiie BOC group are tiie same as tiiose described above 
(Scheme 1). The product is tiien acylated with tiie carboxyBc acid or activated derivative 
tiiereot 1.10, using tiie conditions described above, (Scheme 1) to yield the product 5.12. 
The procedures ilhiste^ated in Scheme 5 depict tiie preparation of tiie compounds 5.11 in which 
tiie substituent A is eitiira: tiie group link-P(0)(OR')2 or a precursor tiioreto, such as [OH], 
[SH] Br , as described below. Scheme 6 ilhistrates tiie conversion of compounds 5.12 in which 
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A is a precursor to the group link-P(0)(OR^)2 into the coii5)Ounds 1. Procedures for the 
conversion of the substituent A into the group link-P(0)(0R^)2 are illustrated below, 
(Scheii^ 21 - 56). 
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Pi%paration of the phosphonate ester intermediates 2 in which X is a direct bond. 

Schemes 7 and 8 iOustrate the prq>aration of the phosphonate esters 2 in which X is a direct 
bond. As shown in Scheme 7, a cbz-protected oxirane 7.1 in which the substiturait A is either 
the group hiik-P(0)(OR')2 or a precoisor thereto, such as [OH], [SH] Br, is reacted with a 
hydrazine derivatwe 1.2, to afford the ring-opened product 73. The conditions for the 
reaction are the same as those described above for the preparation of the hydrazine derivative 
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13, (Scheme 1). The preparation of the substituted oxiranes 7.1 are described below, in 
Scheme 9. The product 7.3 is then transformed, using the sequence of reactions illustrated in 
Scheme 7, into the product 7.8. The conditions employed for Uie component reactions of tins 
sequence are tiie same as for the analogous reaction in Scheme 1. 

The procedures iflustrated in Scheme 7 depict tiie preparation of tiie compounds 7.8 in which 
tiie substituent A is eitiier tiie group link-P(OXOR')2 or a precursor tiiereto, such as [OH], 
ISHj Br, as described below. Scheme 8 illastrates tiie conversion of compounds 7.8 in which 
A is a precursor to flie group link-P(0)(0R')2 into the conq)ounds 2. Procedures for the 
conversion of tiie substituoit A into die group link-P(0)(OR*)2 are illustrated below, 
(Schemes 21 - 5^. 

Scheme 9 ilhistrates tiie preparation of tiie oxiranes 7.1. In ttiis sequence, a substituted 
phenylalanine 9.1, in which substituent A is eitiier tiie group link-P(0)(0R')2 or a precursor 
tiiereto, such as [OH], [SH] Br, as described below, is transformed into tiie cbz-protected 
derivative 9.2. using tiie conditions described above for flie preparation of tiie cbz derivative 
3.2, (Scheme 3). The latter compound is flien ti^ormed, using the using tiie sequence of 
reactions illustiated in Scheme 3, into tiie product 7.1. The conditions for tiie component 
reactions of tins sequence are tiie same as for the analogous reactions in Scheme 3. 

Ft«I»aration of the phosphonate ester intermediates 2 In which X is a sulfur. 

Schemes 10 and 11 illustrate tiie preparation of tiie compounds 2 in which X is sulfiir. As 
shown in Scheme 10, tiie mesylate 5.1 is reacted witii tfie substituted tiiiophenol 10.1, in which 
substituent A is eitiier tiie group link-P(0)(0R')2 or a precursor tiiereto, such as [OH], [SH] 
Br, as described below (scheme 30-39), to afford the tiiioetiier 10.2. The conditions employed 
for tills reaction are tiie same as those described above for tiie preparation of tiie tiiioetiier S3, 
Scheme 5. The product 10.2 is tii«i transformed, using tiie series of reactions shown in 
Scheme 5, into tiie diacylated tiiioether 103. The conditions for tiie component reactions of 
fliis sequence are tiie same as for the analogous reactions in Scheme 5. 
The procedures iDustrated in Scheme 10 depict tiie preparation of tiie compounds 103 in 
which tiie substituent A is eitiier tiie group link-P(0)(0R')2 or a preo^sor tfi^eto, such 
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[OH], [SH] Br. as described below. Scheme 11 illustrates the conversion of compoonds 103 
in which A is a precursor to the group lmk-P(0)(0R')2 into the compounds 2. Procedures for 
the conversion of the substituent A into the group link-P(0)(0R^)2 are fflustrated below. 
(Schemes 21 - 56). 

Preparation of the phosphonate ester intermediates 3 in which X is a direct bond. 

Schemes 12 and 13 depict the preparation of the phosphonate esters 3a in which X is a direct 
bond. As shown in Scheme 12, the oxirane 1.1 is reacted with a BOC protected 
phenylhydrazine derivative 12.1 in which the substituent A is either the group link-P(0)(0R')2 
or a precursor thereto, such as [OH], [SH] Br, as described below. The preparation of the 
hydrazine derivatives 12.1 is described in Schemes 4, 40 and 41. The reaction is conducted 
under the same conditions as described above for the preparation of the hydrazine 73, Scheme 
7. The product 12.2 is then transformed, using the sequence of reactions shown in Scheme 7 
for the transformation of the hydrazine 7.3 into the diacylated con^und 7.8, into the 
diacylated compound 12.3. The conditions for the component reactions of this sequence are 
the same as for the analogous reactions in Scheme 7. 

The procedures iHustrated in Scheme 12 depict the preparation of the phosphonate esters 123 
in which the substituent A is either the group link-P(0)(0R')2 or a precursor thereto, such as 
[OH], [SH] Br, as described below. Scheme 13 fflustrates the conversion of compounds 12.3 
in which A is a precursor to the group ]ink-P(0)(0R')2 into the compounds 3a in which X is a 
direct bond. Procedures for the conversion of die substituent A into the group hnk- 
P(0)(0R')2 are iUustrated below, (Schemes 21 - 56). 

The phosphonate esters 3b, 3c and 3d, in which X is a direct bond, ate pr^ared using the 
procedures of Schemes 12 and 13, except that the hydrazme derivatives 4.13, 4.17 and 4.15, 
prepared as described in Schemes 42 - 52, are used in place of the hydrazme derivative 12.1. 
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Preparation of the phosphonate ester intennediates 3 in which X is sulfur. 

Schemes 14 and 15 fllustrate the preparation of the phosphonate esters 3a in which X is suMur. 
As shown in Scheme 14, the p-tohienesulfonate esto 5.5 is reacted with the phenylhydrazdne 
derivative 12.1, in which the substituent A is either the group link-P(0)(0R*)2 or a precursor 
thereto, such as [OH], [SH] Br, as described below, to afford the hydrazine derivative 14.1. 
The reaction is conducted under the same conditions as described above for the preparation of 
the hydrazine 5.6, Scheme 5. The product 14.1 is then transformed into the diacylated 
product 14.2, using the sequence of reactions shown in Scheme 5. Hie conditions for the 
component reactions of this sequence are the same as for the analogous reactions in Scheme 5. 
The procedures illustrated in Scheme 14 depict the preparation of the phosphonate esters 14.2 
in which the substituent A is either the group link-P(0)(0R*)2 or a precursor thereto, such as 
[OH], [SH] Br, as described below. Scheme 15 illustrates the conversion of compounds 14.2 
in which A is a precursor to the group link-P(0)(0R')2 into the compounds 3a in which X is 
S. Procedures for the conversion of the substituent A into the group Iink-P(0)(0R^)2 are 
iDustrated below, (Schemes 21 - 56), 

The phosphonate esters 3b, 3c and 3d, in which X is S, are prepared using the procedures of 
Schemes 12 and 13, except that the hydrazine derivatives 4.13, 4.17 and 4.15, prepared as 
described in Schemes 42 - 52, are used in place of the hydrazine derivative 12.1. 
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Scheme 13 




14.3 3a 



Preparation of the phosphonate ester intermediates 4 in M^hich X is a direct bond. 

Schemes 16 and 17 illustrate the preparation of the phosphonate esters 4 in which X is a direct 
bond. As shown in Scheme 16, the amine 1.4, prepared as described in Scheme 1, is reacted 
with the carboxyHc acid or activated derivative thereof R^COX 7.5, to afford the amide 16,1. 
The conditions for the amide forming reaction are the same as those described above for the 
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preparation of the amide 1.11, (Scheme 1). The product is then deprotected by removal of the 
BOC group, usmg the procedures described above (Scheme 1), to yield the hydrazine 16.2. 
This material is then coupled with the aminoacid 1.5, using the coupling procedures described 
above for the preparation of the anride 1.6, to produce the amide 163. The product is thca 
reacted with the acylating agent A-CRVoCOX, IJ, in which A and X are as described 
above, Schen^ 1, to afford the carbamate product 16.4. 

The procedures illustrated in Scheme 16 depict the preparation of the phosphonate esters 16.4 
in which the substituent A is either the group link-P(0)(0R')2 or a precursor thereto, such as 
[OH], [SH] Br, as described below. Scheme 17 illustrates the conversion of compounds 16.4 
in which A is a precursor to the group link-P(0)(0R^)2 into the con5)ounds 4. Procedures for 
the conversion of the substituent A into the group link-P(0)(0R^)2 are illustrated below, 
(Schemes 21 - 56). 

Preparation of the phosphonate ester intermediates 4 in which X is sulfur. 

Schemes 18 and 19 illustrate the preparation of the phosphonate esters 4 m which X is sulfur. 
As shown in Scheme 18, the amine 5.7, prepared as described in Scheme 5, is reacted with the 
carboj^lic add or activated derivative thoreof 7.5, to produce the amide 18.1. The reaction is 
performed under the conditions described above for the preparation of the amide 1.11. The 
BOC group present in the amide 18.1 is then removed using the procedures described above, 
(Scheme 1) to afford the amine 18.2. This material is then coupled with the aminoacid 1.5, 
using the procedures described above for the preparation of the amide 1.6, to produce the 
amide 18.3. The latter compound is then reacted with the acylating agent A-CR^R^OCOX, 
1.7, in which A and X are as described above. Scheme 1, to afford the carbamate product 
18.4. 

The procedures illustrated in Scheme 18 depict the preparation of the phosphonate esters 18.4 
in which the substituent A is either the group Iink-P(0)(0R^)2 or a precursor thereto, such as 
[OH], [SH] Br, as described below. Scheme 19 illustrates the conversion of con5)ounds 18.4 
in which A is a precursor to the group link-P(0)(0R^)2 into the compounds 4. Procedures for 
the conversion of the substituent A into the group link-P(0)(0R^)2 are illustrated below, 
(Schemes 21 - 56). 
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Preparation of the phosphonate ester intermediates 5 in which X is a direct bond. 

Schemes 19a and 19b illustrate the preparation of the phosphonate esters 5 in which X is a 
direct bond. As shown ia Scheme 19a, the amine 1.6 is reacted with a quinoline-2-carbo;qdic 
acid derivative 19a.l, in which the substitumt A is either the group (R^0)2P(0)-link or a 
precursor group thereto, such as OH, SH, Br to afford the anride 19a.2. The reaction is 
perforined as described above for the preparation of the amide 1.6 (Scherue 1). TheBOC 
protecting group is then removed, using the procedures described in Scheme 1, to yield the 
amine 19a3, This compound is then reacted, as described above, with the carboxylic acid 
R^COOH, or an activated derivative thereof 19a.4, to give the amide 19a^. 
The procedures iflustrated in Scheme 19a depict the preparation of the phosphonate esters 
19a.5 in which the substituent A is either the group link-P(0)(0R^)2 or a precursor thereto, 
such as [OH], [SH] Br, as described below. Scheme 19b iflustrates the conversion of 
con5)ounds 19a.5 in which A is a precursor to the group Iink-P(0)(OR% into the con5)ounds 
5. Procedures for the conversion of the substituent A into the group link-P(0)(0R*)2 are 
ilhistrated below, (Schemes 21 - 56). The preparation of the quinoline carboxylic acid 
reagents 19a.l is described below, (Schemes 53 - 56). 

Preparation of the phosphonate ester intenoaediates 5 in which X is sulfur. 

Schemes 19c and 19d illustrate the preparation of the phosphonate esters 5 in which X is 
sulfur. As shown in Scheme 19c, the amine 5.9 is reacted, as described above, with the 
quinoline carboxylic acid derivative 19a.l to yield the amide product 19cl. The BOC 
protecting group is then removed, as described above, to give the amine 19c.2. The latter 
compound is then reacted, as described above, with the carboxylic acid R^COOH, or an 
activated dravative thereof 19a.4, to give the amide 19c3. 

The procedures ittustrated in Scheme 19c depict the preparation of the phosphonate esters 
19c3 in which the substituent A is either the group hnk-P(0)(0R^)2 or a precursor thereto, 
such as [OH], [SH] Br, as described below. Scheme 19d illustrates the conversion of 
con5)ounds 19c3 in which A is a precursor to the group link-P(0)(0R^)2 into the compounds 
5. Procedures for the conversion of the substituent A into the group link-P(0)(0R*)2 are 
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illustrated below, (Schemes 21 - 56). The preparation of the quiaoline carbojq^lk; acid 
reagents 19a.l is described below, (Schemes 53 - 56). 
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Scheme 18 
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Scheme 19a 
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Preparation of carbamates. 

The phosphonate esters 1 and 4, and the phosphonate ester 1-7 in which the R^CO or R^CO 
groups are formally derived from the carboxyhc acids C38 - C49 (Chart 2c) contain a 
carbamate linkage. The preparation of carbamates is described in Conoprehensive Organic 
Functional Group Transformations, A. R. Katritzky, ed., Pergamon, 1995, VoL 6, p. 416fl^ 
and in Organic Functional Group Preparations, by R. Sandler and W. Karo, Academic 
Press, 1986, p. 260fF. 

Schen^ 20 ilhistrates various methods by which the carbamate linkage can be synthesized. As 
shown in Scheme 20, in the general reaction generating carbamates, a carbinol 20.1, is 
converted into the activated derivative 20.2 in which Lv is a leaving group sudi as halo, 
iriiidazolyl, benztriazolyl and the like, as described below. The activated derivative 20.2 is 
then reacted with an amine 20.3, to afford the carbamate product 20.4. Exaii5)les 1 - 7 in 
Scheme 20 depict methods by which the general reaction can be eflfected. EKsanples 8-10 
ilhistrate alternative methods for the preparation of carbamates. 

Scheme 20, Exan5)le 1 illustrates the preparation of carbamates enq>loying a chloroformyl 
derivative of the carbinol 20.5. In this procedure, the carbiaol 20.5 is reacted with ptosgene, 
in an inert solvent such as toluene, at about 0% as described in Org. Syn. ColL VoL 3, 167, 
1965, or with an equivalent reagent such as trichloromethoxy chloroformate, as described in 
Org. Syn. ColL VoL 6, 715, 1988, to afford the chloroformate 20.6. The latter coiDpound is 
then reacted with the amine conoponent 20.3, in the presence of an organic or inorganic base, 
to afford the carbamate 20.7. For exanq>le, the chloroformyl compound 20.6 is reacted with 
the amine 20.3 in a water-miscible solvent such as tetrahydrofuran, in the presence of aqueous 
sodium hydroxide, as described in Org. Syn. ColL VoL 3, 167, 1965, to yield the carbamate 
20.7. Alternatively, the reaction is performed in dichloromethane in the presence of an organic 
base such as diisopropylethylamine or dimethylaminopyridine. 

Scheme 20, Example 2 depicts the reaction of the chloroformate con5)ound 20.6 with 
imida2X)le to produce the imidazohde 20.8. The imidazolide product is then reacted with the 
amine 20.3 to yield the carbamate 20.7. The preparation of the imidazolide is performed in an 
aprotic solvent such as dichloromethane at 0% and the preparation of the carbamate is 
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conducted in a similar solvent at ambient temperature, optionally in the presence of a base 
such as dimethylaminopyridine, as described in J. Med. Chem., 1989, 32, 357. 
Scheme 20 Example 3, depicts the reaction of the chloroformate 20.6 with an activated 
hydroxyl coiiq)ound R"OH, to yield the mixed carbonate ester 20.10. The reaction is 
conducted in an inert organic solvent such as ether or dichloron^ane, in the presence of a 
base such as dicyclohexylaume or triethylamme. The hydroxyl con5)onent R"OH is selected 
from the group of conq)ounds 20.19 - 20.24 shown in Scheme 20, and similar coir5)ounds: For 
example, if the conq)onent R"OH is hydroxybenztriazole 20.19, N-hydroxysuccinimide 20.20, 
or pentacWorophenol, 20.21, the mixed carbonate 20.10 is obtained by the reaction of the 
chloroformate with the hydroxyl compound in an ethereal solvent in the presence of 
dicyclohexylamme, as described in Can. J. Chem., 1982, 60, 976. A similar reaction in which 
the conq)onent R"OH is pentafluorophenol 20.22 or 2-hydroxypyridine 20.23 can be 
performed in an ethereal solvent in the presence of triethylamine, as described in Syn., 1986, 
303, and ChenL Ber. 118, 468, 1985. 

Scheme 20 Exanaple 4 illustrates the preparation of carbamates in which an 
allq^loxycarbonylimidazole 20.8 is enq>loyed. In this procedure, a carbinol 20.5 is reacted with 
an equimolar amount of carbonyl diimidazole 20.11 to prepare the intermediate 20.8. The 
reaction is conducted in an aprotic organic solvent such as dichloromethane or 
tetrahydrofuran. The acyloxyimidazole 20.8 is then reacted with an equimolar amount of the 
amine RNH2 to afford the carbamate 20.7. The reaction is performed in an aprotic organic 
solvent such as dichloromethane, as described in Tet. Lett., 42, 2001, 5227, to afford the 
carbamate 20.7. 

Scheme 20, Example 5 illustrates the preparation of carbamates by means of an intem^diate 
alkoxycarbonylbenztriazole 20.13. In this procedure, a carbinol ROH is reacted at ambient 
temperature with an equimolar amount of benztriazole carbonyl chloride 20.12, to afford the 
alkoxycarbonyl product 20.13. The reaction is performed in an organic solvent such as 
benzene or toluene, in the presence of a tertiary organic amine such as triethylamine, as 
described in Syn., 1977, 704. The product is then reacted with the amine KNH2 to afford the 
catbamate 20.7. The reaction is conducted in tohiene or ethanol, at from ambient temperature 
to about 80" as described in Syn., 1977, 704. 

Scheme 20, Example 6 illustrates the preparation of carbamates in which a carbonate 
(R"0)2C0, 20.14, is reacted with a carbinol 20.5 to afford the intermediate alkyloxycarbonyl 

-814- 



wo 03/090690 PCT/US03/12901 

intermediate 20.15. The latter reagent is then reacted with the amine R'NH2 to afford the 
carbamate 20.7. The procedure in which the reagent 20.15 is derived from 
hydroxybenztriazole 20.19 is described in Synthesis. 1993, 908; the procedure in which the 
reagent 20.15 is derived fromN-hydro;q^ccinimide 20.20 is described in Tet. Lett., 1992, 
2781; the procedure in which the reagent 20.15 is derived from 2-hydroxypyridine 20.23 is 
described in Tet. Lett., 1991, 4251; the procedure in which the reagent 20.15 is derived from 
4-mtrophenol 20.24 is described in Syn. 1993, 103. The reaction between equimolar amounts 
of tlie carbinol ROH and the carbonate 20.14 is conducted in an inert organic solvent at 
ambient temperature. 

Scheme 20, Exanq)le 7 illustrates the preparation of carbamates from alkoxycarbonyl azides 
20.16. In this procedure, an alkyl cMoroformate 20.6 is reacted with an azide, for example 
sodium aade, to afford the alkoxycarbonyl azide 20.16. The latter compound is then reacted 
with an equimolar amount of the amme R'Nth to afford the carbamate 20.7. The reaction is 
conducted at ambient ten5)erature in a polar aprotic solvent such as dimethylsulfoxide, for 
exanqile as described in Syn., 1982, 404. 

Scheme 20, Example 8 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and the chlorofomiyl derivative of an amine 20.17. In this 
procedure, which is described in Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook, 
Waey, 1953, p. 647, the reactants are combined at ambient tenq)erature in an aprotic solvent 
such as acetonitrile, in the presence of a base such as triethylamine, to afford the cari>amate 
20.7. 

Scheme 20, Example 9 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and an isocyanate 20.18. In this procedure, which is described in 
Synthetic Organic Chemistry, R. B. Wagner, H. D. Zook, Wiley, 1953, p. 645, the reactants 
are combined at ambient ten5)erature in an aprotfc solvent such as ether or dichloromethane 
and the like, to afford the carbauiate 20.7. 

Scheme 20, Example 10 illustrates the preparation of carbamates by means of the reaction 
between a carbinol ROH and an amine RNH2. In this procedure, which is described in Chem. 
Lett. 1972, 373, the reactants are combined at ambient ten5)erature in an aprotic organic 
solvent such as tetrahydrofiiran, in the presence of a tertiary base such as triethylamine, and 
selenium. Carbon monoxide is passed through the solution and the reaction proceeds to afford 
the carbamate 20.7. 
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General reaction 



ROH- 
20.1 



Exampl< 
(1) ROH- 



(5) 



(8) 



20.5 



(2) ROhh 
20.5 



(3) ROH- 
20.5 



O 



ROCOLv 
20.2 

ROCOCI 
.20.6 

Rocoa 

20.6 

ROCOCI 
20.6 



R'NH2 
20.3 

R'NH220.3 



H 



ROCONHR 
20.4 

ROCONHR" 

20.7 

«^0 ^ 



Y 

O 



20.8 



R'NHa 



20.3 



ROCONHR' 
20.7 



R"OH 



20.9 



ROCOOR" ^'^^ > ROCONHR' 
20.10 20.3 20.7 



(4) ROH- 




O 20.8 



R'NHp 

=-*- ROCONHR" 

20 .3 20.7 




N 



N 



N 



(6) 



(7) ROH^ 
20.5 



(9) ROH- 
20.5 

(10) ROH- 



20.12 20.13 0^0 



(R'"02)C=0 

ROH ROCOR'" - 

20.5 20.14 20.15 

ROCOCI - 
20.6 

ROCONHR' 
20.7 

ROCONHR' 
20.7 

ROCONHR" 
20.7 



R'NHa 
20.3 



ROCONHR' 
20.7 



R'NHg 



20.3 



ROCONHR" 
20.7 

R'NHg 



ROCON3 
20.16 



ROH 
20.5 



R'NHCOCI 
20.17 ^ 

R"NCO 



20.3 



ROCONHR' 
20.7 



20.18 



R'NHg 



20.5 20.3 



R"OH = 




20.19 



p 


OH 






OH 


rA Ck 




,CI 


F> 




1 N-OH 


A 






V 


1, «' 




'CI 






CI 






F 


20.20 


20.21 






20.22 



OH 


OH 


6 






NO2 


20.23 


20.24 



-816- 



wo 03/090690 



PCTAJS03/12901 



Preparation of the reagents A-CR^R^OCOX. 

The reagents A-CR^R^OCOX 1.7 are prepared from the corresponding carbinols A- 
CR R OH, using procediures such as those described above in Scheme 20. Exan^^les of the 
preparation of the carbinols A-CRVoH and the derived reagents 1.7 are shown below in 
Schemes 21-26. The activation methods for the conversion of the carbinols A-C3l^R^OH to 
the reagents A-CR^R^OCOX are interchangeable between the different alcohols A-CR^R^OH. 

Scheme 21 depicts the preparation of phosphonate-containing reagents 21.2 in which the 
phosphonate is linked by means of an alkylene chain. In this procedure, a dialkyi hydroxyalkyl 
phosphonate 21.1 is reacted with phosgene, or an equivalent reagent, to afford the 
chloroformate 21.2, as described above in Scheme 20, Example 1. The reaction is conducted 
in an inert organic solvent such as dichloromethane or toluene, at from about 0" to ambient 
temperature. 

For exanq)le. as shown in Scheme 21, Example 1, a dialkyi hydroxymethylphosphonate 213 
(Aldrich) is reacted with excess phosgene in toluene at 0% as described in Org. Syn. ColL Vol 
3, 197, 1965, to afford the chloroformyl product 21.4. 

Scheme 21, Example 2 illustrates the analogous conversion of a dialkyi hydroxyethyl 
phosphonate 21.5 (Aldrich) into the chloroformate derivative 21.6. The reaction is performed 
as described above for the preparation of the chloroformate 21.4. 

Scheme 21, Example 3 illustrates the analogous conversion of a dialkyi phosphono-substituted 
tert, butanol 21.7, prepared as described in Er.2462440, into the chloroformate derivative 
21.8. The reaction is performed as described above for the preparation of the chloroformate 
21.4. 

Using the above procedures, but en[5)loymg, in place of the phosphonates 213, 21.5 or 21.7, 
different dialkyi hydroxyalkyl phosphonates 21.1, the corresponding products 21.2 are 
obtained. 

Scheme 22 depicts the preparation of phosphonate-containing reagents 22.2 in which the 
phosphonate is linked by means of a phenyl ring. In this procedure, a dialkyi 
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hydroxyaBcylphenyl phosphonate 22.1 is converted, as described above, into an activated 
chlorofonnyl derivative 22.2, using the procedures described above in Scheme 20. 
For example, a diaJkyl 4-hydroxymethyJ^hattylphosphonate 223 (Aldrich) is reacted in 
tetrahydrofiiran with an equimolar amount of the 2-pyridyl carbonate 22.4, prepared as 
described in Tet. Let., 1991, 4251, to afford the product 215. 

Using the above procedure, but employing, in place of a dialkyl hydroxyphenylphosphonate 
223, different diaBqi hydroxyphenyl phosphonates 22,1, the corresponding products 22.2 are 
obtained. 

Scheme 23 depicts the preparation of phosphonate containing reagents 23.4 in which the 
phosphonate group is linked by means of an alkylene chain incorporating a heteroatom O, S or 
N. In this procedure, a dialkyl hydroxy-, thio- or aDgrlaminoalkylphosphonate 23.1 is 
alkylated by reaction with a bromoalkanol 23.2. The alkylation reaction is conducted at from 
ambient ten[iperature to about 70** in a polar organic solvent such as dimethylformamide, 
dioxan or acetonitriHe, in the presence of a base. In cases in which X is oxygen, a strong base 
such as lithium hexamethyUisilylazide or potassium tert-butoxide is employed. In cases in 
which X is sulfur or alkylammo, an inorganic base such as potassium carbonate or cesium 
carbonate is used. The product 23.3 is then converted into an activated derivative 23.4 by 
means of one of the methods described above in Scheme 20. 

For exan5)le, as shown in Scheme 23, Example 1, a dialkyl 2-mercaptoethyphosphonate 23.5, 
prepared as described in Zh. Obschei Khun., 1973, 43, 2364, is reacted with one molar 
equivalent of bromoethanol 23.6, in dimethylformamide at 60' in the presence of cesium 
carbonate, to afford the thioether product 23.7. This compound is then reacted with 
pentafluorophenyl carbonate 23.8, (Fhiorochem) in dimethylformamide solution at ambient 
temperature in the presence of triethylamine, to afford the pentafluorophenoxycarbonyl 
product 23.9. 

As a further example of the method of Scheme 23, as shown in Example 2, a dialkyl 
methylaminomethyl phosphonate 23.10, (AsInEx Inc.) is reacted in dimethylformamide at 70" 
with one molar equivalent of 5-bromo-2-hydroxy-2-methylpentane 23.11, prepared as 
described in J. Med. Chem., 1994, 37, 2343, and potassium carbonate, to afford the amine 
product 23.12. The product is then converted, as described above, into the pentafluorophenyl 
formate derivative 23.13. 
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Using the above procedures, but employing, in place of a diaBsyl 2-mercaptoetbypbosphonate 
23^, or a dialkyl methylaminoniethyl phosphonate 23*10, different hydroxy, merc^to or 
anunoalkylphosphonates 23.1, and/or different bromoalkanols 23J2, and/or different activation 
methods, the corresponding products 23.4 are obtained. 

5 

Scheme 24 illustrates the preparation of phosptonate containing reagents 24.4 in which the 
phosphonate group is linked by means of an alkylene chain incorporating an N-alkyl group. In 
this procedure, a dialkyl fomxylallQ^l phosphonate 24.1 is reacted with an aBcylaminoalkanol 
24.2 under reductive amination conditions, so as to afford the product 24.3. The preparation 

10 of amines by means of reductive amination procedures is described, for exsaoaplCy in 

Conrprehensive Organic Transformations, by R. C. Larock» VCH, p. 421, and in Advanced 
Qrgamc Chemistry, Part B, by RA. Carey and R. J. Sundberg, Plenum, 2001, p. 269. In this 
reaction, the amine component and the aldehyde or ketone component are reacted together in 
the presence of a reducing agent such as, for example, borane, sodium cyanoborohydride, 

15 sodium triacetoTcyborohydride or diisobutylalmninum hydride, optionally in the presence of a 
Lewis acid, such as titanium tetraisopropoxide, as described in J. Org. Chem., 55, 2552, 1990. 
The reduction reaction can also be performed by hydrogenation in the presence of a palladium 
catalyst and hydrogen or a hydrogen donor. The reaction product 243 is then transformed 
iDto the activated derivative 24.4 by means of one of the procedures described above in 

20 Scheme 20. 

As shown in Scheme 24, Example 1, a diaBg^I formyhnethyj^hosphonate 24.5 (Aurora) is 
reacted with methylaminoethanol 24.6, in the presence of sodium cyanoborohydride, to afford 
the coupled product 24.7. This con^>ound is then reacted with an equimolar amount of 
chlorocarbonylbenztriazole 20.13, in toluene at 80"*, in the presence of one molax equivalent of 

25 triethylamine, as described in Syn., 1977, 704, to yield the product 24.8. 

As a further exanq>le of the method of Scheme 24, as shown in Example 2, the aldehyde 24.5 
is reacted with 2-hyclroxy-2-methyl-3-methylanmnopropane .24.10, under reductive amination 
conditions, to afford the amine product 24.11. The latter conq>ound is then reacted with 
phosgene, or an equivalent thereof, as described above, to afford the cUoroformyl product 

30 24.12. 

Using the above procedures, but employing, in place of the phosphonates 24.5, different 
phosphonates 24.1, and/or in place of the anainoalkanols 24.6 or 24.10, different 
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aminoalkylalkanols 24.2, and/or different activation methods described in Scheme 20, the 
corresponding products 24.4 are obtained. 

Scheme 25 illustrates the preparation of phosphonate containing reagents 25.2 in which the 
phosphonate group is linked by means of an alkylene chain incorporating an acetylenic linkage. 
In this procedure, a dialkyl hydroxyalkynyl phosphonate 25.1 is converted, by means of one of 
the procedures described in Schenoe 20, into the activated formyl derivative 25.2. 
For exanq>le, a dialkyl hydroxypropynyl phosphonate 253 prepared as described in J, Org. 
denoL, 1987, 52, 4810, is reacted with one molar equivalent of di(succiQimidyloxy)caibonate 
25.4, prepared as described in Tet. Lett, 1992, 2781, in dichloromethane at ambient 
tenQ>erature; to afford the product 25.5. 

Using the above procedures, but employing, in place of the dialkyl hydroxj^propynyl 
phosphonate 253, different dialkyl hydroxyalkynyl phosphonates 25.1, the corresponding 
products 25.2 are obtaiaed. 

Scheme 26 iHostrates the preparation of phosphonate containing reagents 26.2 ia which the 

phosphonate group is linked by means of an alkylene chain incorporating an olefinic linkage. In 

this procedure, a dialkyl hydroxyalkenyl phosphonate 26.1 is converted, by means of one of 

the procedures described in Scheme 20, into the activated formyl derivative 26J2. 

For exanq>le, a dialkyl propenylphosphonate 26.3, prepared as described io Zh. Ohschei 

Khim., 1974, 44, 18343, is reacted with phosgene in toluene at 0% as described in Org. Syn. 

Con. VoL 3, 167, 1965, to afford the chlorofoimyl product 26.4. 

Using the above procedures, but employing, in place of the dialkyl hydroxypropenyl 

phosphonate 26.3, different dialkyl hydroxyalkynyl phosphonates 26.1, the corresponding 

products 26.2 are obtained. 
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Scheme 21 
Method 

(R^O)2P(0)(CH2)nCR^R^OH 

21.1 
Example 1 

(R^O)2P(0)CH20H 

21.3 
Example 2 

(R^O)2P(0)(CH2)20H 

21.5 
Example 3 

{R^O)2P(O)CH2C{CH3)20H 
21.7 



(R^O)2p(0)(CH2)nCR''R^OCOLv 
21.2 



(R^ 0)2P(0)CH20COCI 
21.4 



(R^O)2P(0)(CH2)20COCI 
21.6 



(R^ 0)2P(0)CH2C(CH3)20COCI 
21.8 



Scheme 22 
Method 



Ok_^OR 




(CH2)nCR^R^OH 



22.1 
Example 



O^p^OR 




OR 




1 



(CH2)nCR'^R^OCOLv 



CH2OH 



22.2 



(J I u 



22.4 




22.3 



22.5 
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Scheme 23 
Method 

<R'OfeP(OHCHd^ B,a^R'RSOH ,R.o™Hd^CH3,„CRWOH 
X = O, S, N-alkyI 23.3 



(R^O)2P(O)(CH2)nX(CH2)mCR''R8oC0Lv 

23.4 

Example 1 

(RiO)aP(0)CHaSH ?[<|!^OH (Rlo)3P(0)CH2S(CH2)20H ^^f^^^^ 
23.5 ■ 23.7 ^'^ 

O 

23.9 

Example 2 

(R^O)2P(0)CH2NHCH3^'^.?!;Ifl!2?"^^^°"<"'°>2P(0)CH2N(CH^ 

23.10 23.11 23.12 

(R''0)2P(0)CH2N(CH3)(CH2)3C(CH3)20COC6F5 

23.13 
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Scheme 24 
Method 

Alky lNH(CH2)m CR^R80H 
(RlO)2P(0){CH2)nCHO 242 * (R^O)2P(0)(CH2)nCH2N(alkyl)(CH2)mCR7R8oH 
24.1 24^ 

(R^0)2P(0){CH2)nCH2N(alkyl)(CH2)mCR7R80C0Lv 

24.4 .x^-'SjN^N 



Example 1 




N 

N 



CH3NH(CH2)20H , 
(R^O)2p(0)CH2CHO *^ (R^0)2P(0)(CH2)2N(CH3)(CH)20H 

24.5 ^"^'^ 24.7 20.13 



O N=N 

lile S W 
24.8 

Example 2 

CH3NHCH2(CH3)20H 

(RiO)2P(0)CH2CHO g^ ^p > (R^O)2P(0)CH2CH2N(CH3)CH2(CH3)20H 

24.5 ' 24.11 



(R^O)2P(0)CH2CH2N(CH3)CH2(CH3)20COCI 

24.12 

Scheme 25 
Method 

^rSf — (^H2)nOH R^O^P- 

25.1 P « .-^ R^O' 



(CH2)nOCOLv 



Example L 

Q ^ ho o 



0=<^ 25.2 



R^O-P — V O O , .9. 

25.3 " 25.4 R O O-^ 

Scheme 26 25J5 O ^5 

Method 

O- Q 




R'SiP— =— ^ 1^ RiQ-p— 

R'O OH Rid bcOLv 

Example 26.2 

Ric3p— =— X A 

26.3 26.4 
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Preparation of the oxirane reactants 7.1. 

The oxirane reactants 7.1 are obtained by means of chemical transformations applied to 
variously substituted phenylalanine derivatives. In the methods described below, the 
phosphonate moiety can be introduced into the molecule at any appropriate stage in the 
synthetic sequence, or after the intermediates are incorporated into the phosphonate esters 2. 

Scheme 27 depicts the preparation of oxirane reactants 27.5 in which the phosphonate moiety 
is attached directly to the phenyl ring. In this procedure, a bromo-substituted phenylalanine 
27.1 is converted into the cbz-protected derivative, using the procedures described above in 
Scheme 3. The protected product 27.2 is then converted, by means of the series of reactions 
shown in Scheme 3, into the oxirane 27.3. The lattor con5)ound is then reacted with a dialkyl 
phosphite 27.4, in the presence of a palladium catalyst, to afford the phosphonate ester 27.5. 
The preparation of arylphosphonates by means of a coupling reaction between aryl bromides 
and dialkyl phosphites is described in J. Med. dem., 35, 1371, 1992. 
For exan:5)le, 4-bromophenylalanine 27.6, prepared as described in Biotech. Lett., 1994, 16, 
373, is converted, as described above, (Scheme 3), into the oxirane 27.7. This confound is 
then reacted, in toluene solution at reflux, with a dialkyl phosphite 27.4, triethylamine and 
tetrakis(tripheny]^hosphine)paIladium(0), as described in J. Med. Chem., 35, 1371, 1992, to 
afford the phosphonate product 27.8. 

Using the above procedures, but employing, in place of 4-bromophenylalanine 27.6, different 
hromo-substituted phenylalanines 27.1, and/or different dialkyl phosphites, the corresponding 
products 27.5 are obtained. 

Scheme 28 illustrates the preparation of oxiranes 28.4 in which the phosphonate moiety is 
attached by means of an alkylene chain. In this procedure, a carbobenzylo^ protected bromo- 
substituted phenylalanine 27.2, prepared as described above, is coupled, in the presence of a 
palladium catalyst, with a dialkyl alkenylphosphonate 28.1, to afford the coupled product 28.2. 
The preparation of aryl alkenyl phosphonates by means of a coupling reaction between aryl 
bromides and alkenyl phosphonates is described in Syn., 1983, 556. The reaction is performed 
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in a polar organic solvent such as dimethylformanride or acetonitrile, in the presence of a 
paHadium (n) catalyst, a tertiary base such as triethylanaine and a phosphine such as 
tT5)henylphosphine and the like, to afford the aryl alkenyl phosphonate product 28.2. The 
latter conipound is then reduced, for example by reaction with diinnde, as described in 
5 Advanced Organic Chemistry, Part B, by FJi. Carey and R. J. Sundberg, Plenum, 2001, p. 
262, to afford the saturated product 28.3. The latter con^und is then converted, by means 
of the series of reactions shown in Sch^ne 3, into the oxirane 28,4. 
For exair5>le, the cbz-protected 3-bromophenylalanine 28.5, prepared as described in Pept. 
Res., 1990, 3, 176, is coupled, in acetonitiile solution at 100° in a sealed tube, with a dialkyl 

10 vinylphosphonate 28.6, in the presence of palladium (II)acetate, tri-(o-tolyJ)phosphine and 
triethylamine, as described in Syn., 1983, 556, to afford the coupled product 28.7. The 
product is then reduced with dijmide, generated by treatment of disodium azodicarboxylate 
with acetic acid, as described in J. Am. Chem. Soc, 83, 3725, 1961, to yield the saturated 
product 28.8. This material is then converted, using the procedures shown in Scheme 3, into 

15 the oxirane 28.9. 

Using the above procedures, but employing, in place of the S-bromophenylalanine derivative 
28.5, different hromo con5)ounds 27.2, and/or different alkenyl phosphonates 28.1, the 
corresponding products 28.4 are obtained 

20 Scheme 29 illustrates the preparation of oxiranes 29.9 in which the phosphonate group is 
linked by means of an alkylene chain and an oxygen or sulfur atoncL In this procedure, a 
substituted phenylalanine 29.1 is converted into the methyl ester 29.2 by means of a 
conventional acid-catalyzed esterification reaction. The hydroxy or mercapto substituent is 
then protected to afford the derivative 293. The protection of phenyl hydrojgrl and mercapto 

25 groups is described respectively, in Protective Groups in Qrgamc Synthesis, by T.W. Greene 
and P.G.M Wuts, Wiley, Second Edition 1990, p. 10, and p. 277. For example, hydroxyl and 
thiol substituents can be protected as trialkylsilyloxy groups. TrialkyMyl groups are 
introduced by the reaction of the phenol or thiophenol with a chlorotrialkylsilane and a base 
such as imidazole, for example as described in Protective Groups in Organic Synthesis, by 

30 T.W. Greene and P.G.M Wuts, Wiley, Second Edition 1990, p. 10, p. 68-86. Alternatively, 
thiol substituents can be protected by conversion to t^t-butyl, 9-fluorenylmethyl or adamantyl 
thioethers, or 4-n^oxybenzyl thioethers, prepared by the reaction between the thiol and 4- 
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methoxybenzyl chloride in the presence of anmKjnium hydroxide, as described in BuE Ghem. 
Soc. Jpn., 37, 433, 1974. The protected coji5)ound 293 is then transformed into the cbz 
derivative 29.4, using the procedure described above (Scheme 3). The O or S-protecting 
group is then removed to produce the phenol or thiol 29.5. Deprotection of phenols and 
thiophenols is described in Protective Groups in Organic Synthesis, by T. Greene and 
P.G.M Wuts, Wiley, Second Edition 1990. For exancple, trialkylsilyl ethers or tWoethers can 
be deprotected by treatment with a tetraalky] 



IIHI 



tetrahydrofiiran, as described in J. Am Chem. Soc, 94, 6190, 1972. Tert-butyl or adamantyi 
thioethers can be converted into the correspondiag thiols by treatment with mercuric 
trifluoroacetate in aqueous acetic acid at ambient temperatures, as described in Caiem Pharm. 
BuH, 26, 1576, 1978 or by the use of miercuric acetate in trifluoroacetic add. The resultant 
phenol or thiophenol 29,5 is then reacted with a dialkyl halo or alkylsulfonyloxyalkyl 
phosphonate 29.6, to yield the ether or thioether product 29.7. The alkylation reaction is 
performed at from ambient tenoperature to about 80% in a polar organic solvent such as 
dimethylformamide or acetonitrile, in the presence of an organic or inorganic base such as 
dimethylaminopyridine, triethylamine, potassium carbonate or ceshm carbonate. The methyl 
ester is then hydrofyzed, for exanq)le by treatment with lithium hydroxide in aqueous 
tetrahydrofiiran, to afford the carboxyUc acid 29.8. The latter compound is then transformed, 
by means of the reactions shown in Scheme 3, into the oxirane 29.9. 
For example, as illustrated in Scheme 29, Example 1, 4-mCTcaptophenylalanine 29.10, 
prepared as described in J. Amer. C3iem. Soc., 1997, 119, 7173, is reacted with methanol at 
reflux ten5)erature in the presence of p-toluenesulfonic acid, to yield the methyl ester 29.H. 
The thiol substituent is then protected by conversion to the S-adamantyl derivative 29.12, for 
exan[5)le by reaction with adanoantanol in trifluoroacetic acid, as described in Chem. Pharm. 
BuH., 26, 1576, 1978. The amino group in the product 29.12 is then protected by conversion 
to the cbz derivative 29.13, using the procedure described in Scheme 3. Removal of the S- 
protecting group, for exanq)le by treatment of the thioether 29.13 with mercuric 
trifluoroacetate in acetic acid, as described in Chem. Pharm. BuH, 26, 1576, 1978, then 
affords the thiophenol 29.14. The latter con5)ound is then reacted in dimethylformamide 
solution with a dialkyl bromoalkylphosphonate, for exaniple a dialkyl bromoethylphosphonate 
29.15, (Aldrich) in the presence of a base such as cesium carbonate, and optionally m the 
presrace of a catalytic amount of potassium iodide, to afford the thioether 29.16. The methyl 
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ester is then hydrolyzed as described above, and the resultant carboxylic add 29.17 is 
transformed, by means of the reactions shown in Scheme 3, into the oxirane 29.18. 
As a further example of the method of Scheme 29, as shown in Exan5)le 2, 3- 
hydro;qrphenylalanine 29.19 (Fluka) is converted into the methyl ester 29.20, and the phenolic 
hydroxyl group is then protected by reaction with one molar equivalent of tert- 
butylchlorodimethylsilane and imidazole in dimethylformamide, as described in J. Amer. Chem. 
Soc, 94, 6190, 1972, to produce the silyl ether 29.21. Conversion to the cbz derivative 

29.22, as described above, followed by desilylation, using tetrabutylammonium fluoride in 
tetrahydrofiiran, as described in J. Amer. Chem. Soc, 94, 6190, 1972, then affords the phenol 

29.23. The phenolic hydroxyl group is then reacted in dimethylformamide solution with a 
dialkyl trifhioromethanesulfonyloxymethyl phosphonate, 29.24, prepared as described in Tet. 
Lett., 1986, 27, 1477, and a base such as triethylamine, to afford the ether 29.25. The methyl 
ester is then hydrolyzed, as described above, and the resultant carboxyhc acid 29.26 is then 
transfOrilied, by means of the series of reactions shown in Scheme 3, into the oxirane 29.27. 
Using the above procedures, but employing, in place of the bromoethyl phosphonate 29.15, or 
the trifluoromethanesulfonyloxyniethyl phosphonate 29.24, different hromoalkyl or 
trifluoromethanesulfonyloxyalkyl phosphonates 29.6, and/or different phenylalanine derivatives 
29.1, the corresponding products 29.9 are obtained. 
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Scheme 27 
Method 
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27.7 27.8 OOR' 

Scheme 28 
Method 
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Scheme 29 
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Example 1 
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Preparation of the phosphonate-containing thiophenol derivatives lO.l. 



Schemes 30 - 39 describe the preparation of phosphoBate-containing thiophenol derivatives 
10.1 which are enployed as described above (Schemes 10 and 11) in the preparation of the 
5 phosphonate ester intermediates 2. 

Scheme 30 depicts the preparation of thiophenol derivatives in which the phosphonate moiety 
is attached directly to the phenyl ring, hi this procedure, a halo-substituted thiophenol 30»1 is 
protected, as described above (Scheme 29) to afford the protected product 30.2. The product 
10 is then coupled, in the presence of a palladium catalyst, with a dialkyl phosphite 303. The 
preparation of aiylphosphonates by the coupling of aryl halides with dialkyl phosphites us 
described above, (Scheme 29). The thiol protecting group is then removed, as described 
above, to afford the thiol 30.4. 

• • • 

For example, 3-bromothiophenol 30.5 is converted into the 9-fluorenylmethyl (Fm) derivative 
15 30.6 by reaction with 9-fluorenylmethyl chloride and diisopropylamine in dimethyhbrmamide, 
as described in hit. J. Pept. Protein Res., 20, 434, 1982. The product is then reacted with a 
dialkyl phosphite 30.3, as described for the preparation of the phosphonate 27.8 (Scheme 27), 
to afiford the phosphonate ester 30.7. The Fm protecting group is then removed by treatment 
of the product with piperidine in dimethylformamide at ambient tenq>erature, as described in J. 
20 caienL Soc, Chem. Comm., 1501, 1986, to give the thiol 30.8. 

Using the above'pfocedures, but en5)loying, in place of 3-hromothiophenol 30.5, different 
thiophenols 30.1, and/or different dialkyl phosphites 30.3, the corresponding products 30.4 are 
obtained 

25 Scheme 31 illustrates an alternative method for obtaining thiophenols with a directly attached 
phosphonate group. In this procedure, a suitably protected halo-substituted thiophenol 31.2 is 
metallated, for exan^le by reaction with magnesium or by transmetallation with an 
alkyllithium reagent, to afford the metallated derivative 31.3. The latter conq)oxmd is reacted 
with a halodialkyl phosphite 31.4 to afford the product 31.5; deprotection then affords the 

30 thiophenol 31.6 

For exan5)le, 4-bromothiophenol 31.7 is converted into the S-triphenyhnethyl (trityl) 
derivative 31.8, as described in Protective Groups in Organic Synthesis, by T. W. Greene and 
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P.G.M. Wuts, Wfley, 1991, pp. 287, The product is converted into the lithium derivative 31.9 
by reaction with butyllithium in an ethereal solvent at low temperature, and the resulting lithio 
compound is reacted with a dialkyl chlorodialkyl phosphite 31.10 to ajGford the phosphonate 
31.11. Removal of the trityl group, for example by treatment with dilute hydrochloric acid in 
acetic acid, as described in J. Org. Chem., 31, 1118, 1966, then affords the thiol 31.12. 
Using the above procedures, but en5)loying, in place of the bromo compound 31.7, different 
halo conqpounds 31.2, and/or different halo dialkyl phosphites 31.4, there are obtained the 
corresponding thiols 31.6. 

Scheme 32 illustrates the preparation of phosphonate-substituted thiophenols in which the 
phosphonate group is attached by means of a one-carbon link. In this procedure, a suitabty 
protected methyl-substituted thiophenol is subjected to free-radical bromination to afford a 
bromoniethyl product 32.1. This compound is reacted with a sodium dialkyl phosphite 32.2 or 
a trialkyl phosphite, to give the displacement or rearrangement product 323, which upon 
deprotection affords the thiophenol 32.4. 

For exan:5>le, 2-methylthiophenol 32.5 is protected by conversion to the benzoyl derivative 
32.6, as described in Protective Groups in Organic Synthesis, by T. W. Greene and P.G JVL 
Wuts, Wiley, 1991, pp. 298. The product is reacted with N-hromosucdnimide in ethyl acetate 
to yield the bromomethyl product 32.7. This material is reacted with a sodium dialkyl 
phosphite 32.2, as described in J. Med. Chem., 35, 1371, 1992, to afford the product 32.8. 
Alternatively, the bromomethyl compound 32.7 can be converted into the phosphonate 32.8 
by means of the Arbuzov reaction, for example as described in Handb. Qrganophosphorus 
Chem., 1992, 1 15. In this procedure, the bromomethyl conq>oand 32.7 is heated with a 
trialkyl phosphate P(0R*)3 at ca. 100^ to produce the phosphonate 32.8. Deprotection of the 
phosphonate 32.8, for example by treatment with aqueous ammonia, as described in J. Amer. 
Chem. Soc, 85, 1337, 1963, then affords the thiol 32.9. 

Using the above procedures, but employing, in place of the bromomethyl compound 32.7, 
different bromomethyl compounds 32.1, there are obtained the corresponding thiols 32.4. 

Scheme 33 iflustrates the preparation of thiophenols bearing a phosphonate group linked to 
the phenjd nucleus by oxygen or sulfur. In this procedure, a suitabfy protected hydroxy or 
thio-substituted thiophenol 33.1 is reacted with a dialkyl hydroxyalkylphosphonate 33.2 under 
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the conditions of the Mitsonobu reaction, for example as described in Org. React., 1992, 42, 
335, to afford the coupled product 333. Deprotection then yields the O- or S-linked products 
33.4. 

For example, the substrate 3-hydroxythiophenol, 33.5, is converted into tte monotrityl ether 
33.6, by reaction with one equivalent of trityl chloride, as described above. This coii5)ound is 
reacted with diethyl azodicarboxylate, triqphenyl phosphine and a dialkyl l-hydro;Qmethyl 
phosphonate 33.7 in benzene, as described in Synthesis, 4, 327, 1998, to afford the ether 
con5)Ound 33,8. Removal of the trityl protecting group, as described above, then affords the 
thiophenol 33.9. 

Using the above procedures, but en:5)loying, in place of the phenol 33.5, different phenols or 
thiophenols 33.1, and different diallg^^phosphonates 33.2 there are obtamed the corresponding 
thiols 33.4. 

Scheme 34 illustrates the preparation of thiophenols 34.4 bearing a phosphonate group linked 
to the phenyl nucleus by oxygen, sul&r or nitrogen. In this procedure, a suitably protected O, 
S or N"Substituted thiophenol 34.1 is reacted with an activated ester, for example the 
trifluoromethanesulfonate 34.2, of a dialkyl hydroxyalkyl phosphonate, to afford the coupled 
product 343. Deprotection then affords the thiol 34.4. 

For example, 4-rDethylaniinothiophenol 34.5 is reacted with one equivalent of acetyl chloride, 
as described in Protective Groups in Organic Synthesis, by T. W. Greene and P.GM. Wuts, 
Wiley, 1991, pp. 298, to afford the product 34.6. This material is then reacted with, for 
exaniple, a dialkyl trifluoromethanesulfonyhnethyl phosphonate 34.7, the preparation of which 
is described in Tet. Lett., 1986, 27, 1477, to afford tiie displacement product 34.8. Preferably, 
equimolar amounts of the phosphonate 34.7 and the amine 34.6 are reacted together in an 
aprotic solvent such as dichloromethane, in the presence of a base such as.2,6-hitidine, at 
ambient temperatures, to afford the phosphonate product 34.8. Deprotection, for example by 
treatment with dilute aqueous sodium hydroxide for two minutes, as described in J. Amer. 
CheuL Soc, 85, 1337, 1963, then affords the tiiiophenol 34.9. 

Using the above procedures, but employing, in place of the thioamine 34.5, different phenols, 
thiophenols or amines 34.1, and/or different phosphonates 34.2, there are obtained the 
corresponding products 34.4. 
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Scheme 35 illustrates the preparation of phosphonate esters linked to a thiophenol nucleus by 
means of a heteroatom and a multiple-carbon chain, en5)loying a nucleophihc displacement 
reaction on a dialkyl bromoalkyl phosphonate 35.2. In this procedure, a suitably protected 
hydroxy, tWo or amino substituted thiophenol 35.1 is reacted with a dialkyl bromoalkyl 
phosphonate 35.2 to afford the product 35.3. Eteprotection then affords the free thiophenol 
35.4. 

For exan5)le, 3-faydroxythiophenol 35.5 is converted into the S-trityl con^oimd 35.6, as 
described above. This compound is then reacted with, for exanpple, a dialkyl 4-bromobutyl 
phosphonate 35.7, the synthesis of which is described in Synthesis, 1994, 9, 909. The reaction 
is conducted in a dipolar aprotic solvent, for example dimethylformamide, in the presence of a 
base such as potassium carbonate, and optionally in the presence of a catatytic amount of 
potassium iodide, at about 50^ to yield the ether product 35.8. Deprotection, as described 
above, then affords the thiol 35.9. 

Using the above procedures, but en5)loying, in place of the phenol 35.5, different phenols, 
thiophenols or amines 35.1, and/or different phosphonates 35.2, there are obtained the 
corresponding products 35.4. 

Scheme 36 depicts the preparation of phosphonate esters linked to a thiophenol nucleus by 
means of unsaturated and saturated carbon chains. The carbon chain linkage is formed by 
means of a palladium catalyzed Heck reaction, in which an oleiSnic phosphonate 36.2 is 
coupled with an aromatic bromo cbiiq>ound 36.1. Ibe coupling of aiyl halides with olefins by 
means of the Heck reaction is described, for exan?)le, in Advanced Organic Chenristry, by F. 
A. Carey and R. J. Sundberg, Plenum, 2001, p. 503ff and in Acc. Chem. Res., 12, 146, 1979. 
The aryl bromide and the olefin are coupled ia a polar solvent such as dimethylformamide or 
dioxan, in the presence of a palladium(0) catalyst such as 

tetrakis(triphenylphosphine)paIladium(0) or pa]ladium(II) catalyst such as palladium(II) 
acetate, and optionally in the presence of a base such as triethylamine or potassium carbonate. 
Deprotection, or hydrogenation of the double bond followed by deprotection, affords 
respectively the unsaturated phosphonate 36.4, or the saturated analog 36.6. 
For example, 3-bromothiophenol is converted into the S-Fm derivative 36.7, as described 
above, and this compound is reacted with a dialkyl 1-butenyl phosphonate 36.8, the 
preparation of which is described in J. Med. Chem., 1996, 39, 949, in the presence of a 
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palladium (II) catalyst, for exanple, bis(tr5)henylphosphine) paHadium (IT) chloride, as 
described in J. Med. Cbem, 1992, 35, 1371. The reaction is conducted in an aprotic dipolar 
solvent such as, for exancple, dimethylfonnamide, in the presence of triethylanoine, at about 
100° to afford the coupled product 36.9. Deprotection, as described above, then affords the 
5 thiol 36.10. Optionally, the initially formed unsaturated phosphonate 36.9 is subjected to 
reduction, for exsanplt using dihnide, as described above, to yield the saturated product 36.11, 
which upon deprotection affords the thiol 36.12. 

Using the above procedures, but en5)loying, in place of the bronao conqpound 36.7, different 
bromo compounds 36.1, and/or different phosphonates 36.2, there are obtained the 
10 corresponding products 36.4 and 36.6 

Scheme 37 illustrates the preparation of an aryl-linked phosphonate ester 37.4 by means of a 
palladium(0) or pa]ladium(n) catalyzed coupling reaction between a bromobenzene and a 
phenylboronic acid, as described in Comprehensive Organic Transformations, by R. C. Larock, 
15 VCH, 1989, p. 57. The sulfur-substituted phenylboronic acid 37.1 is obtained by means of a 
metallation-boronation sequence applied to a protected bromo-substituted thiophenol, for 
example as described in J. Org. Chem., 49, 5237, 1984. A coupling reaction then affords the 
diaryl product 37.3 which is deprotected to yield the thiol 37.4. 

For exanq)le, protection of 4-bromothioph^ol by reaction with tert-butylchlorodimethylsilane, 
20 in the presence of a base such as imidazole, as described in Protective Groups in Organic 
Synthesis, by T. W. Greene and P.GM, Wuts, Wiley, 1991, p. 297, followed by metallation 
with butylHthium and boronation, as described in J. Qrganomet Ghent, 1999, 581, 82, affords 
the boronate 37.5. This material is reacted with diethyl 4-hromDphenylphosphonate 37.6, the 
prq)aration of which is described in J. Chena. Soc., Perkin Trans., 1977, 2, 789, in the 
25 presence of tetrakis(tnphenylphosphine) palladium (0) and an inorganic base such as sodium 
carbonate, to afford the coupled product 37.7. Deprotection, for &xsanph by the use of 
tetrabutylammonium fluoride in anhydrous tetrahydrofuran, then yields the thiol 37.8. 
Using the above procedures, but employing, in place of the boronate 37.5, different boronates 
37.1, and/or different phosphonates 37.2, there are obtained the corresponding products 37.4. 

30 Scheme 38 depicts the preparation of dialkyl phosphonates in which the phosphonate moiety is 
hnked to the thiophenyl group by means of a chain which incorporates an aromatic or 
heteroaromatic ring. In this procedure, a suitably protected O, S or N-substituted thiophenol 
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38-1 is reacted with a dialkyl bromomethyl-substituted aiyl or heteroaiylphosphonate 38.2, 
prepared, for exanople, by means of an Arbuzov reaction between equimolar amounts of a 
bis(bromo-methy]) substituted aromatic congjound and a trialk^ The reaction 

product 383 is then deprotected to afford the thiol 38.4. For exatqple, 1,4- 
dimercaptobenzene is converted into the monobenzoyl ester 38.5 by reaction with one molar 
equivalent of benzoyl chloride, in the i^esence of a base such as pyridine. The monoprotected 
thiol 38.5 is then reacted with, for exan5)le dietl^^l 4-(hromomethyl)phenylphoq)honate, 38.6, 
the preparation of which is described in Tetrahedron, 1998, 54, 9341. The reaction is 
conducted in a solvent such as dimethylformamide, in the presence of a base such as potassium 
carbonate, at about 50\ The thioeth^ product 38.7 thus obtained is deprotected, as described 
above, to afford the thiol 38.8. 

Using the above procedures, but en5>loying, in place of the thiophenol 38.5, different phenols, 
thiophenols or amines 38.1, and/or different phosphonates 38.2, there are obtained the 
corresponding products 38.4. 

Scheme 39 illustrates the preparation of phosphonate-containing thiophenols in which the 
attached phosphonate chain forms a ring with the thiophenol moiety. 

In this procedure, a suitably protected thiophenol 39.1, for example an indoline (in which X-Y 
is (CH2)2), an indole (X-Y is CH=CH) or a tetrahydroquinoline (X-Y is (CB^h) is reacted 
with a dialkyl trifluoron^thanesulfonyloxymethyl phosphonate 39.2, in the presence of an 
organic or inorganic base, in a polar aprotic solvent such as, for exan5>le, dimethylformamide, 
to afford the phosphonate ester 393. Deprotection, as described above, then affords tihe thiol 
39.4. Thepreparationof thio-substitutedindolines is described in EP 20975 L Thio- 
substituted indoles, indolines and tetrahydroquinolines can also be obtained from the 
corresponding hydroxy-substituted compounds, for example by thermal rearrangement of the 
dimethylthiocarbamoyl esters, as described in J. Org. CheuL, 31, 3980, 1966. The preparation 
of hydroxy-substituted indoles is described in Syn., 1994, 10, 1018; preparation of hydroxy- 
substituted indolines is described in Tet. Lett., 1986, 27, 4565, and the preparation of 
hydroxy-substituted tetrahydroquinolines is described m J. Het. Caiero., 1991, 28, 1517, and in 
J. Med. Chem., 1979, 22, 599. Thio-substituted indoles, indolines and tetralq^droquinolines 
can also be obtained from the corresponding amino and bromo conqpounds, req)ective]y by 
diazotization, as described in Sulfur Letters, 2000, 24, 123, or by reaction of the derived 
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organolithium or magnesium derivative with sulfur, as described in Compreh^isive Organic 
Functional Group Preparations, A. R. I&tritzky et al, eds, Pergamon, 1995, VoL 2, p. 707. 
For example, 2,3-dihydro-lH-iadole-5-thiol, 39^, the preparation of v^hich is described in EP 
209751, is converted into the benzoyl ester 39.6, as described above, and the ester is then 
5 reacted with Hie trifiuoromethanesulfonate 39.7, using the conditions described above for the 
preparation of the phosphonate 34.8, (Scheme 34), to yield the phosphonate 39.8. 
Deprotection, for exanple by reaction with dilute aqueous ammonia, as described above, then 
affords the thiol 39.9. 

Using the above procedures, but employing, in place of the thiol 39.5, different thiols 39.1, 
10 and/or different trifilates 39 JS, there are obtained the corresponding products 39.4. 
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Scheme 39 
Method 



H R 




msyQ:\ TtOCHRP(0)(ORi), ^>'™^^^ 

39.1 \^*^Y 
X-Y = (CH2)2.3 ; CH=CH 39.3 39.4 

Example 

39.5 39.6 PhCOS^-^^^ HS^^^^^^ 

39.8 39_9 



Prqiaration of the phenylpyridylphosphonate aldehydes 4.9. 

Scheines 40 and 41 illustrate inethods for the preparation of 4-(2-pyridyl)beo2aldehydes 4.9 
incorporating phosphonate groups, which are employed in the preparation of the phosphonate 
ester intermediates 3a. 

Scheme 40 illustrates the preparation of benzaldehydes substituted at the 4 position with a 
hronK>-substituted 2-p3^dine group, and the conversion of the hromo substituent into various 
phosphonate subsUtuents. linked to the pyridine ring either directly, or by means of a saturated 
or unsaturated alkylene chain, or by a heteroatom and an alkylene chain. 
In this procedure, a 4-formylphenylboronate 40.1 (Lancaster Synthesis) is coupled with a 
dibromopyridine 40.2 to afford the hromopyridyl benzaldehyde product 403. Equimolar 
amounts of the reactants are combined m the presence of a palladium catafyst. as described 
above (Scheme 4). The bromopyridine product 40.3 is then reacted with a dialkyi phosphite 
40.4. m the presence of a palladium catalyst, as described above (Scheme 27) to afford the 
pyridjdphosphonate ester 40.5. The preparation of ary^hosphonates by means of a coupling 
reaction between aryl bromides and dialkyl phosphites is described m J. Med Chem. 35 
1371.1992. ' ' ' 

Alternatively, the bromopyridine compourKl 403 is coupled, in the presence of a paDadium 
catalyst, with a dialkyl alkenylphosphonate 40.6. to yield the alkenyl phosphonate 40.9. using 
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the procedures described above, (Scheme 28). The olefinic bond present in the product is then 
reduced to afford the saturated analog 40.8. The reduction reaction is performed catalyticaDy, 
for exan5)le by the use of palladium on carbon and hydrogen or a hydrogen donor, or 
chemicalfy, for example by en^ploying diimide, generated by treatment of disodium 
azodicarboxylate with acetic add, as described in J. Am. Chem. Soc., 83, 3725, 1961. 
Alternatively, the bromopyridine con5)ound 40.3, in which the bromo substituent is in either 
the 4 or 6 position, is transformed, by reaction with a dialkyl hydroxy, mercapto or aminoalkyl 
phosphonate 40.7, mto tiie ether, tiiioetiier or amine product 40.10. The preparation of 
pyridine ethers, thioethers and ammes by means of displacement reactions of 2- or 4- 
bromopyridines by alcohols, tiiiols and amines is described, for exau5)le, in Heterocyclic 
Con5)ounds, Volume 3, R. A. Abramovitch, ed., Wiley, 1975, p. 597, 191, and 41 
respectivefy. Equimolar amounts of tiie reactants are combined in a polar solvent such as 
dimeUiylformamide at ca 100" in the presence of a base such as potassium carbonate, to eflfect 
the displacemmt reaction. 

Scheme 40, Example 1, illustrates the coupling reaction of 4-formy^henyIboromc acid 40.1 
with 2,5-dihromopyridine 40.11, using the procedure described above, to afford 4-(5-bromo- 
2-pyridyl)benzaIdehyde 40.12. This compound is tiien coupled, as described above, with a 
dialkyl phosphite 40.4, to afford the pyridyl phosphonate 40.13. 

Using tiie above procedures, but eii5)loying, in place of 2,5-dibromopyridine 40.11, different 
dibromopyridines 40.2, and/or different dialkyl phosphites 40.4, tiie corresponding products 
40*5 are obtained. 

Alternatively, as ilhistrated in Scheme 40, Example 2, tiie phenylboronic acid 40.1 is coupled, 
as desOTbed above, with 2,4-dihromopyridine 40.14 to afford 4^(4-hromo-2- 
pyridyl)benzaldehyde 40.15. The product is flien reacted wifli a dialkyl mercaptoetiiyl 
phosphonate 40.16, the preparation of which is described in Zh. Obschei. Khim., 1973, 43, 
2364, to yield the thioether 40.17. Equimolar amounts of the reactants are combined in 
dimetiiylfonnamide at SC* in the presence of potassium carbonate, to effect the displacement 
reaction. 

Using tiie above procedures, but en5>loying, in place of tiie dialkyl mercaptoetiiyl phosphonate 
40.16, different dialkyl hydroxy, mercapto or aminoalkyl phosphonates 40.7, the 
corresponding products 40.10 are obtained. 
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Alternatively, as shown in Scheme 40, Example 3, 4-(5-bromo-2-pyridyl)beDzaldehyde 40.12 
is coupled with a dialkyl vinyl phosphonate 40.18, in the presence of a paDadium catalyst, as 
described above, to afford the unsaturated phosphonate 40.19. Optionally, the product can be 
reduced to die saturated analog 40.20, for example by the use of diimide, as described above. 
Using the above procedures, but en5)loying, in place of the bromoaldehyde 40.12, different 
bromoaldehydes 403, and/or, in place of the dialkyl vinylphosphonate 40.18, different dialkyl 
alkenylphosphonates 40.6, the corresponding products 40.8 and 40.9 are obtained 

Scheme 41 illustrates the preparation of 4-(2-pyridyl)benzaldehydes incorporating 
phosphonate group linked by means of a alkylene chain incorporating a nitrogen atom. In this 
procedure, a formyl-substituted 2-bromopyridine 41.2 is coupled, as described above, 
(Scheme 40) with a 4-(hydroxymethyl)phenyIboronic acid 41.1. prepared as described in 
Macromolecules, 2001, 34, 3130, to afford the 4-(2-pyridyl)benzyl alcohol 413. The product 
is then reacted with a dialkyl aminoalkyl phosphonate 41.4, under reductive ammation 
conditions. The preparation of amines by means of a reductive amination of an aldehyde is 
described above (Scheme 24). The resultant benzyl alcohol 41.5 is then oxidized to yield the 
corresponding benzaldehyde 41.6. The conversion of alcohols to aldehydes is described, for 
example, in Comprehensive Organic Transformations, by R. C Larock. VCH, 1989, p. 604ff. 
Typically, the alcohol is reacted with an oxidizing agent such as pyridinium chlorochromate, 
silver carbonate, or dimethyl sulfoxide/acetic anhydride. The reaction is conducted in an inert 
aprotic solvent such as dichloromethane or toluene. Preferably, the alcohol 41.5 is oxidized to 
the aldehyde 41.6 by reaction with pyridinium chlorochromate in dichloromethane. 
For example, the phenylboronic acid 41.1 is coupled with 2-bromopyridine-4-carboxaldehyde 
41.7, the preparation of which is described in Tet. Lett. 2001, 42, 6815, to afford 4-(4-foniqrl- 
2-pyridyl)benzyl alcohol 41.8. The aldehyde is then reductively ariiinated by reaction with a 
dialkyl aminoethylphosphonate 41.9, the preparation of which is described in J. Org. Chem., 
2000, 65, 676, and a reducing agent, to afford the amine product 41.10. The latter conipound 
is then oxidized, for exan5>le by treatment with pyridinium chlorochromate, to afford the 
aldehyde phosphonate 41.11. 

Using the above procedures, but employing, in place of the bromopyridine aldehyde 41.7, 
different aldehydes 41.2, and/or different dialkyl aminoalkyl phosphonates 41.4, the 
corresponding products 41.6 are obtained. 
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41.1 



OHO 




41.2 




^CHO 



H2N(CH2)nP(0)(OR^)2 



CH2OH 
41.3 



(T -^H2NH(CH2)nP{0)(OR^)2 



41.4 



CH2OH 
41.5 




CHO 



N "Br 



41.7 




H2N(CH2)2P{0){OR^)2 



41.9 



CH2OH 
41.8 




CH2OH 
41.10 



CHO 
41.11 



5 Preparation of the biphenyl phosphonate aldehydes 4.12. 



Schemes 42 - 44 fflustrate methods for the preparation of the bq)heny]phosphoiiate aldehydes 
4.12 which are en^loyed in the synthesis of the phosphonate esters 3b. 
Scheme 42 depicts the preparation of biphenyl aldehyde phosphonates in which the 
phosphonate moiety is attached to the phenyl ring either directly, or by means of a saturated or 
unsaturated alkylene chain- In this procedure, 4-formyIben2eneboronic acid 42.1 and a 
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dihromobenzene 42.2 are coupled in the presence of a palladium catalyst, as described above, 
to produce the hromobiphenyl aldehyde 423. The aldehyde is then coupled, as described 
above, with a dialkyl phosphite 42.4, to afford the phosphonate ester 42.5. Alternatively, the 
hromoaldehyde 42.3 is coupled with a dialkyl alkenylphosphonate 42.6, using the procedures 
described above, to afford the alkenyl phosphonate 42.8. Optionany, the latter compound is • 
reduced to yield the saturated analog 42.7, 

Fbr exan:5>le, as shown in Scheme 42, Exaiq>le 1, 4-formylbenzeneboronic acid 42.1 is 
coupled with 1,3-dibromobenzene 42.9 to give 3'-bromo-4-formyIbiphenyl 42.10. The product 
is then coupled, as described above, with a dialkyl phosphite 42.4 to give the biphenyl 
phosphonate ester 42.11. 

Using the above procedures, but employing, in place of I,3-dibronx)baizene 42.9, different 
dibromobenzenes 42.2. and/or different dialkyl phosphites 42.4, the corresponding products 
42.5 are obtained. 

As a further example of the methods of Scheme 42, as shown in Exan5>le 2, 4'-bromobiphenyl- 
4-aldehyde 42.12 is coupled with a dialkyl propenylphosphonate 42.13 (Aldrich) in the 
presence of a palladium catalyst, to produce the propenyl phosphonate 42.15. Optionally, the 
product is reduced, for example by catalytic hydrogenation over a palladium catalyst, to yield 
the saturated product 42.16. 

Using the above procedures, but employing, in place of the 4-hromobiphenyl aldehyde 42.12, 
different hromobiphenyl aldehydes, and/or different alkenyl phosphonates 42.6, the 
corresponding products 42.7 and 42.8 are obtained. 

Sdieme 43 ilhistrates the preparation of biphenyl phosphonates in which the phosphonate 
group is attached by means of a single. carbon or by a heteroatom O, S or N and an alkylene 
chain. In this procedure, a bromotoluene 43.2 is coupled with 4-formylbenzeneboronic add 
43.1 to yield the methyl-substituted biphenyl aldehyde 43.3. The product is then subjected to a 
free radical bromination to produce the bromomethyl compound 43.4. The conversion of 
aromatic methyl groups mto the corresponding benzylic bromide is described in 
Con^rdiensive Organic Transformations, by R. C. Larock. VCH, 1989, p. 313. The 
transformaUon is effected, for example, by the use of bromine, N-bromosuccinfanide, carbon 
tetrahromide or hromotrichloromethane. The reaction is p^formed in an inert organic solvent 
such as carbon tetrachloride, ethyl acetate and the like, at reflux temperature, optionally in the 
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presence of an initiator such as dibenzoyl peroxide. Preferably, the conversion of the methyl 
coD[^)ound 433 to the bromomethyl product 43.4 is eflfected by the use of one molar 
equivalent of N-teomosucdnimide iu refluxing carbon tetrachloride. The bromomethyl 
compound is then reacted with a sodium dialkyl phosphonate 43.5 to afFoid the phosphonate 
product 43.6. The displacement reaction is performed in an inat solvent such as 
tetrahydrofuran. at from amKent temperature to reflux, as described in J. Med. Chem., 1992, 
35, 1371. 

Alternatively, the bromomethyl con^wund 43.4 is reacted with a dialkyl hydroxy, mercapto oi 
aminoalkyl phosphonate 43.7 to prepare the corresponding etho:, thioether or aminoaDgrl 
phosphonate products 43 A The reaction is pafonned in a polar organic solvent such as 
dimethylformamide, acetonitrite and the like, at from amhieaat tewpa^tarQ to about 80°, in the 
presaice of an inorganic or organic base. For the preparation of the ethers 43.8 in which X is 
O, a strong base such as sodium hydride or potassium tert. butoxide is enc^jloyed. For the 
preparation of the thioethras or amines 43.8, a base such as cesium carbonate, 
dimethylaminopyridiiie or diisopropylethylamine is eirployed. 

Schrane 43, Exasspk 1 depicts the coupling reaction of 4-foniQ'Ibenzeneboronic add 43.1 
with 3-bromotoluene 43.9 to afford 3'-methylbiphenyl-4-aldehyde 43.10. The product is then 
reacted with N-bromosuccimmide, as described above, to afford the teomomethyl product 
43.11. This inaterial is reacted with a sodium dialkyl phosphonate 43.5 to afford the 
phosphonate ester 43.12. 

Using the above procedures, but employing, in place of 3-hromotolnene 43.9, different 
bromotohienes 43.2, the corresponding products 43.6 are obtained. 

Schen» 43, Example 2 shows the free-radical bromination of 4 -methylbiphenyl-4-aldehyde to 
give the 4'-bromomethyIh5*enyl-4-aldehyde 43.14. The product is then reacted in acetonitrile 
sohition at 70* with one molar equivalent of a dialkyl aminoethyl phosphonate 43.15, the 
preparation of which is described in J. Org. Chem., 2000, 65, 676, and cesium carbonate, to 
yield the amme product 43.16. 

Using the above procedures, but en5)loying, in place of the aminoethyl phosphonate 43il5, 
different hydroxy, merci5>to or aminoaHqrl phosphonates 43.7, and/or different biphenyl 
aldehydes 433, the corresponding products 43.8 are obtained. 
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15 



25 



Scheme 44 fllustrates the preparation of the bq)henyl phosphonates 44.3 ia which the 
phosphonate group is attached by means of a heteroatom and an alkylene chain. In this 
procedure, a hydroxy, mercqtto or ammo-substituted Wphenyl aldehyde 44 J is reacted with a 
dialkyl bromoalkyl phosphonate 44.2 to afford the alkylation product 443. The reaction is 
5 conducted between equimolar amounts of the reactants in a polar organic solvent such as 
dimethylformamide and the hke, at from ambient temperature to about 80', in the presence of 
a base such as potassram carbonate, and optionally in the presence of a catalytic amount of an 
inorganic iodide such as potassium iodide. 

For example, 3'-l^droxybiphenyl-4-aldehyde 44.4 is reacted with a dialkyl bromoethyl 
10 phosphonate 44.5 (Aldrich) and potassium carbonate in dmaethylformamide at 80°, to produce 
the ether 44.6. 

Using the above procedures, but employing, in place of 3'-hydrojybiphenyl-4-aMehyde 44.4, 
diffa-ent hydroxy, mercapto or aminob5)henyl-4-aldehydes 44.1, and/or different bromoalkyl 
phosphonates 44.2, the corresponding products 443 are obtained. 



Preparation <Kf tibe benzaldehyde phosphonates 4.14. 



Schemes 45 - 48 ilhistrate methods for the preparation of the benzaldehyde phosphonates 4.14 
which are employed in the synthesis of the phosphonate estKS 3d. 
20 Scheme 45 ilhistrates the preparation of benzaldehyde phosphonates 45.3 in which the 

phosphonate group is attached by means of an alkylene chain incorporation a nitrogen atom. 
In tiiis procedure, a benzene dialdehyde 45.1 is reacted with one molar equivalent of a dialkyl 
aminoalkyl phosphonate 45.2, under reductive amination conditions, as describe above in 
Sch^ne 24, to yield the phosphonate product 45.3. 

For example, benzene- 1,3-dialdehyde 45.4 is reacted witii a dialkyl aminopropyl phosphonate 
453, (Acros) and sodium triacetoxyborohydride, to afford the product 45.6. 
Using the above procedures, but employmg, in place of benzene- 1,3-dicarboxaldehyde 45.4, 
different benzene dialdehydes 45.1, and/or different phosphonates 45.2, the corresponding 
products 45.3 are obtained. 

30 

Scheme 46 ilhistrates the preparation of benzalddtyde phosphonates either directly attached to 
the baizene ring or attached by means of a saturated or unsaturated carbon chain. Li this 
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procedure, a hromobenzalddiyde 46.1 is coupled, under palladium catatysis as described 
above, with a dialkyl alkenylphosphonate 46^ to afford the alkenyl phosphonate 463. 
Optionally, the product can be reduced, as described above, to afford the saturated 
phosphonate ester 46.4. Altematively, the bromobenzaldehyde can be coupled, as described 
5 above, with a dialkyl phosphite 46.5 to afford the fomiylphenylphosphonate 46.6. 

For example, as shown in Example 1, 3-hromobenzaHehyde 46.7 is coupled with a dialkyl 
Fopeuylphosphonate 46.8 to afford the propenyl product 46.9. Optionally, the product is 
reduced to yield the propyl phosphonate 46.10. 

Using the above procedures, but en5)loying, in place of 3-bromobenzaldehyde 46.7, different 
0 hromobenzaldehydes 46.1, and/or different alkenyl phosphonates 46.2, the corresponding 
products 463 and 46.4 are obtained. 

Altematively, as shown in Example 2, 4-bromobenzalddiyde 46.U is coupled with a dialkyl 
phosphite 46.5 to afford the 4-fonny^)hMiyl phosphonate product 46.12. 
Using the above procedures, but emptoying, in place of 4-bromobenzaldehyde 46.11, different 
> bromobwizaldehydes 46.1, die correq>onding products 46.6 are obtained. 

Scheme 47 illustrates the preparation of formylphenyl phosphonates in which the phosphonate 
moiety is attached by means of alkylene chains incorporating two heteroatoms O, S or N. In 
this procedure, a formyl phenoxy, phenylthio or phenylamino alkanol, alkanethiol or 
aDcylamine 47.1 is reacted widi a an equimolar amount of a dialkyl hatoalkyl phosphonate 
47.2, to afford the phenoxy, phenylthio or phenylamino phosphonate product 47.3. The 
aDqriation reaction is effected in a polar organic solvent such as dimethylfoimamide or 
acetonitrile, in the presence of a base. The base employed depends on the nature of the 
nucleophfle 47.1. In cases in whk;h Y is O, a strong base such as sodmm hydride or Hthium 
hexamethyldisilazide is employed. In cases m which Y is O or N, a base such as cesium 
caibonate or dimethylaminopyridine is en^loyed. 

For example, 2-(4-formy]phenylthio)ethanol 47.4, prepared as described in Macromolecules, 
1991, 24, 1710, is reacted in acetonitrile at 60' with one molar equivalent of a dialkyl 
iodomethyl phosphonate 47.5, (Lancaster) to give the ether product 47.6. 
Using the above procedures, but employing, in place of the caibinol 47.4, different carbinols, 
thiols or amines 47.1, and/or different haloalkyl phosphonates 47.2, the corresponding 
products 473 are obtained. 
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Schrane 48 illustrates the preparation of formylphenjd phosphonates in which the phosphonate 
group is linked to the benzene ring by means of an aromatic or het^oaromatic ring. In this 
procedure, 4-fonnyIbenzeneboronic add 43.1 is coupled, as described previousfy, with one 
molar equivalent of a dfljromoarene, 48.1, in which the group Ar is an aromatic or 
heteroaromatic group. The product 48.2 is tten coupled, as described above (Scheme 46) with 
a dialkyl phosphite 40.4 to afford the phosphonate 483. 

For example, 4-fonD5rIbenzeneboromc add 43,1 is coupled with 2,5-dibromothiophene 48.4 to 
yield the phenylthiophene product 48.5. This con5)ound is then coupled with the dialkyl 
phosphite 40.4 to afford the thienyl phosphonate 48.6. 

Using the above procedures, but employing, in place of ditaromothiophene 48.4, different 
dibromoarenes 48.1, the corresponding products 483 are obtained. 



Scheme 42 
Method 



B(OH)2 






CH2=CH(CH2)nP{0)(OR^)2 
42.6 




iOy^n^zPiO){OR\ f -j-CH=CH(CH2)nP(0)(0R^): 




HP(0)(OR^)2 
42.4 *' 




P(0)(0R1)2 



15 
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Example 1 



B(0H)2 





Br 



42.9 




HP(0)(OR^)j 



42.4 




O 1 



CH=CHCH2P(0){OR^)2 



CH2=CHCH2P(0)(OR^)2 



42.13 




(CH2)3P(0)(OR^)2 




Scheme 43 
Method 



B(OH). 



Me 





Br 



43.2 





-T-CHaBr 



NaP(0)(6R% 
43.5 



HX(CH2)„P(0)(OR^)2 
43.7 

V X = O, S, NH, NalkyI 



X(CH2)nP(0)(OR^)2 





CH2P{0)(OR^)2 
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Example 1 



Me 



B(OH)2 





Br 



43.9 



CHO 
43.1 





CHgBr 




CHgBr 




H2N(CH2)2P(0)(0R^)2 
43.15 



NaP(0)(OR^)2 



43.5 




H2P(0)(OR^)2 



CH2NH(CH2)2{(0)(OR^)2 
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Scheme 44 
Method 




Br(CH2)nP(0)(0R^); 



44.2 

CHO 

X = O, S, NH, NalkyI 
44.1 

Example 




X(CH2)nP(0)(0R^); 



CHO 



44.3 




BitCH2)2P(0)(OR^); 



44.5 




Scheme 45 
Method 



CHO 




^/CH2NH(CH2)nP(0)(OR^)2 

H2 N(CH2)nP( 0)(OR^)2 
45.2 



CHO 

45.1 
Example 

CHO 




CHO 
45.3 




H2N(CH2)3P(0)(OR^) 



45.5 




CH2NH(CH2)3P(0)(OR^). 



CHO 
45.6 
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Scheme 46 
Method 




Br CH2=CH(CH2)nP(0)(OR^)2 



46.2 



CHO 
46.1 



HP(0)(0R^)2 
46.5 



II lrP(0)(0R')2 




CHO 
46.6 




CH=CH{CH2)„P(0)(OR^ )2 



CHO 
46.3 




(CH2)n^2P(0){OR')2 



CHO 
46.4 



Example 1 

Br 




CHg=CHCH2P(0)(OR^)2 



46.8 



CHO 

46.7 
Example 2 

Br 




CH=CHCH2P(p){0R^)2 




(CH2)3P(0)(OR^)j 



CHO 
46.9 



CHO 
46.10 




HP(0)(0R')2 



P(0){OR^)5 



46.5 



CHO 
46.11 




CHO 
46.12 
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Scheme 47 
Method 




X{CH2)„,YH 

Ha{CH2)nP(0)(0R^)2 



CHO 
X, Y = 0,S, NH 

47.1 
Example 



47^ 





ICH2P(0)(OR^)2 



47.5 



CHO 
47.4 

Scheme 48 
Method 

B(OH)2 




Br-Ar-Br 



48.1 





X(CH2)„,Y(CH2)nP(0)(0R^)2 



CHO 



47.3 




O 1 
^"-OR^ 




CHO 
47.6 



Ar-Br yair-P(0)(0R^)2 
HP(0)(OR^)2 



40.4 



CHO 
43.1 

Example 



CHO 
4&2 




CHO 
48.3 



B(OH)2 Br-^^S\^Br 

\ h 




48.4 




R^O^ PR' 



CHO 



HP(0)(OR^)2 
40.4 

CHO CHO 




43.1 



48.5 



48.6 
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Preparation of the cyctohesanecarboxaldehyde phosphonates 4.16. 

Schemes 49 - 52 illustrate methods for the preparation of the cyclohexanecarboxaldehyde 
5 phosphonates 4,16 which are employed in the synthesis of the phoq)honate esters 3c. 
Schen^ 49 depicts the preparation of cyclohexyl phosphonates in which the phosphonate 
group is attached by means of a nitrogen and an alkylene chain. In this procedure, a 
cyclohexane dicarboxaldehyde 49,1 is reacted with one molar equivalent of a dialkyl 
aminoalkyl phosphonate 49.2 under reductive amination conditions, as described above, to 

10 afford the phosphonate product 49.3. 

For example, cyclohexane-l,3-dialdehyde 49.4, the preparation of which is described in J. 
Macromol. ScL Chem., 1971, 5, 1873, is reacted with a dialkyl aminopropyl phosphonate 
49.5, (Acros) and one molar equivalent of sodium triacetoxyborohydride, to yield the 
phosphonate product 49.6. 

15 Using the above procedures, but en:q)loying, in place of cyclohexane-l,3-dialdehyde 49.4, 
different cyclohexane dialdehydes 49.1, and /or different aminoalkyl phosphonates 49.2, the 
corresponding products 493 are obtained. 

Scheme 50 depicts the preparation of cyclohexyl phosphonates in which the phosphonate 
20 group is attached by means of a vinyl or Gthyleno group and a phenyl ring. In this procedure, a 
vinyl-substituted cyclohexane caiboxaldehyde 50.1 is coupled, in the presence of a palladium 
catatyst, as described above, (Scheme 36) with a dialkyl bromophenylphosphonate 50.2, to 
afford the phosphonate product 503. Optionally, the product is reduced to afford the 
ethylene-linked analog 50.4. The reduction reaction is effected catatytically, for exanqile by the 
25 use of hydrogen in the presence of a palladium catalyst, or chemically, for example by the use 
ofdiimide. 

For example, 4-vinylcyclohexanecarboxaldehyde 50.5, the preparation of which is described in 
WO 9935822, is coupled with a dialkyl 3-hromophenyl phosphonate 50.6, prepared as 
described in J. Chem. Soc, Perkin Trans., 1977, 2, 789, to give the coupled product 50.7. The 
30 product is then reduced with diimide, genmted by treatment of disodium azodicarboxylate 
with acetic acid, as described in J. Am. CbtuL Soc, 83, 3725, 1961, to yield the saturated 
product 50.8. 
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Using the above procedures, but eii5)loymg, in place of 4-vinylcyclohexanecarboxaMehyde 
50.5, different vinylcyclohexane carboxaldehydes 50.1, and /or different bromophenyl 
phosphonates 50.2, the corresponding products 503 and 50.4 are obtained. 



5 Scheme 51 depicts the preparation of cyclohexyl phosphonates in which the phosphonate 
group is attached by means of an alk)dene chain incorporating an oxygen atom, hi this 
procedure, a hydroxymethyl-substituted cyclohexane carboxaldehyde 51.1 is reacted, in the 
presence of a strong base such as sodium hydride or potassium tert. butoxide, with one molar 
equivalent of a dialkyi hronK>a]kyl phosphonate 51.2, to prepare the phosphonate 5L3. The 

10 alkylation reaction is conducted in a polar organic solvent such as dimethylformamide, 
tetrahydrofuran or acetonitrile, at from aibbient teiqperature to about 60\ 
For exan5>le, 3-(hydroxymethyl)cyclohexanecarboxaMehyde 51.4, prepared as described in 
WO 0107382, is treated with one molar equivalent of sodimn hydride in tetrahydrofuran at 
50% and one molar equivalent of a dialkyi bromoethyl phosphonate 51.5 (Aldrich) to afford 

15 the alkylation product 51.6, 

Using the above procedures, but en5>loying, in place of 3- 

(hydroxymethyl)cyclohexanecarboxaldehyde 51.4 different hydroxymethylcyclohexane 
carboxaldehydes 51.1, and /or different bromoalkyl phosphonates 51.2, the corresponding 
products 513 are obtained. 

20 

Scheme 52 depicts the preparation of cyclohexyl phosphonates in which the phosphonate 
group is directly attached to the cyclohexane ring. In this procedure, a hydroxy-substituted 
cyclohexanecarboxaldehyde 52.1 is converted into the corresponding bromo derivative 52.2. 
The conversion of alcohols into the corresponding bromides is described, for exanoqple, in 

25 Con5)rehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 354ff and p. 356ff: 
The transformation is effected by treatment of the alcohol with hydrobromic acid, or by 
reaction v^h hexabromoethane and triphenylphosphine, as described in Synthesis, 139, 1983. 
The resulting bromo conqxjund 52.2 is then subjected to an Arbuzov reaction, by treatment 
with a trialkyl phosphite 523 at ca 100% The preparation of phosphonates by mean of the 

30 Arbuzov reaction is described in Handb. Organopbosphorus Chem., 1992, 1 15. 

For exarcple, 4-hydroxycyclohexanecarboxalddiyde 52.5 is reacted with one xnolsac equivalent 
of hexabromoethane and triphenyl phosphine in dicUoromethane, to yield 4- 
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bromocyclohexanecarboxaldehyde 52.6. The product is heated at lOO*" with a trialkyl 
phosphite 523 to afford the cyclohexyl phosphonate 52.7. 
Using the above procedures, but en^loying, in place of 4- 
(hydroxymethyl)cyclohexanecarboxaldehyde 52.5, different hydroxy-substituted 
S cyclohexanecarboxaldehydes 52.1, the corresponding products 52»4 are obtained. 

Preparation of quinoline 2-carboicylic acids 19a.l incorporating phosphonate moieties 
or precursors thereto. 

10 The reaction sequence depicted in Schemes 19a - 19d require the use of a quinoline-2- 

carboxylic acid reactant 19a.l in which the substituent A is either the group Unk-P{0)(0R^)2 
or a precursor th^eto, such as [OH], [SH] Br. 

A number of suitably substituted quinoline-2-carboxylic acids are available commercially or 
are described in the chemical literature. For example, the preparations of 6-hydroxy, 6-amino 

15 and 6-bromoquinoline-2-carbojqrlic acids are described respectivefy in DE 3004370, J. Het 
Qiem., 1989, 26, 929 and J. Labelled Comp. Radiopharm., 1998, 41, 1103, and the 
preparation of 7-aminoquinoline-2-carboxylic acid is described in J. Am. Chem. Soc, 1987, 
109, 620. Suitably substituted quinoline-2-carboxylic acids can also be prepared by procedures 
known to those skilled in the art. The synthesis of variously substituted quinohnes is described, 

20 for example, in Chemistry of Heterocyclic Compoxmds, VoL 32, G. Jones, ed., Wiley, 1977, p 
93ff. Quinoline-2-carboxylic acids can be prepared by noeans of the Friedlander reaction, 
which is described in Chemistry of Heterocyclic Conq)ounds, VoL 4, R. C. Elderfield, ed., 
Wiley, 1952, p. 204. 

25 Schen^ 53 illustrates the preparation of quinoline'2-carboxylic acids by means of the 

Friedlander reaction, and further transfomoations of the products obtained. In this reaction 
sequence, a substituted 2-aminobenzaldehyde 53.1 is reacted with an alkyl pyruvate ester 53.2, 
in the presence of an organic or inorganic base, to afford the substituted quiDoline-2- 
carboxylic ester 53.3. Hydrofysis of the ester, for example by the use of aqueous base, then 

30 afford the corresponding carboxyKc acid 53.4. The carboxylic acid product 53.4 in which X is 
NH2 can be further transformed into the corresponding compounds 53.6 in which Z is OH, SH 
or Br. The latter transformatioiis are effected by means of a diazotization reaction. The 



-860- 



wo 03/090690 



PCTAJS03/12901 



conversion of aromatic amines into the corresponding phenols and bromides by means of a 
diazotization reaction is described respectivefy in Synthetic Organic Chemistry, R. B. Wagner, 
H. D. Zook, Wiley, 1953, pages 167 and 94; the conversion of amines into the corresponding 
thiols is described in Sulfur Lett., 2000, 24, 123. The amine is first converted into the 
diazonimn salt by reaction with nitrous add The diazonium salt, preferably the diazonium 
tetrafluoborate, is then heated in aqueous sohition, for exan^le as described in Organic 
Functional Group Preparations, by S JLSandler and W. Karo, Academic Press, 1968, p. 83, to 
afford the corresponding phenol 53,6, X = OH. Alternatively, the diazonium salt is reacted in 
aqueous solution with cuprous bromide and lithium bromide, as described in Organic 
Functional Group Preparations, by S.R.Sandler and W. Karo, Academic Press, 1968, p* 138, 
to yield the correq)onding bromo compound, 53.6, Y = Br, Alternatively, the diazonium 
tetrafluoborate is reacted in acetonitrfle solution with a sulfhydryl ion exchange resin, as 
described in Sulfur Lett., 200, 24, 123, to afford the thiol 53.6, Y = SH. Optionally, the 
diazotization reactions described above can be performed on the carbojqrlic esters 53.3 instead 
of the carbojqrlic acids 533. 

For example, 2,4-diaminobenzaldehyde 53.7 (Apin Chemicals) is reacted with one molar 
equivalent of methyl pyruvate 53,2 in methanol, in the presence if a base such as piperidine, to 
afford methyl-7-aminoquinoline-2-carboxylate 53.8. Basic hydrolysis of the product, 
employing one molar equivalent of lithium hydroxide in aqueous methanol, then yields the 

carboxyhc acid 53.9. The amino-substituted carboxyhc acid is then converted into the 

» 

diazonium tetrafluoborate 53.10 by reaction with sodium nitrite and tetrafluoboric add. The 
diazonium salt is heated in aqueous solution to afford the 7-lrydroxyquinoline-2-carboxyIic 
acid, 53.11, Z = OH. Alternatively, the diazonium tetrafluoborate is heated in aqueous organic 
sohition with one molar equivalent of cuprous bromide and lithium bromide, to afford 7- 
bromoquinoline-2-carboxylic add 53.11, X = Br. Alternatively, the diazonium tetrafluoborate 
53.10 is reacted in acetonitrile sohition with the sulfhydryl form of an ion exchange resin, as 
described in Sulfiir Lett., 2000, 24, 123, to prepare 7-mercaptoquinoline-2-carboxyIic acid 
53.11, Z = SH. 

Using the above procedures, but employing, in place of 2,4-diaminobenzaldehyde 53.7, 
different aminobenzaldehydes 53.1, the corresponding amino, hydroxy, bromo or mercapto- 
substituted quinoline-2-carboxylic acids 53.6 are obtained. The variously substituted quinoline 
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carboxylic adds and est^s can then be tiansfoimed, as described below, (Schemes 54 - 56) 
into phosphonate-containiag derivatives. 



Scheme 49 
Method 




CHO 



H2N(CH2)nP(0)(OR^); 



49.2 

CHO 
49.1 

Example 

H2N(CH2)3P(0)(OR^)2 




pH2NH(CH2)nP(0)(OR^)2 



CHO 
49.3 



49.5 



CHO 
49.4 

Scheme 50 
Method 




CH2NH(CH2)2P(0)(OR^ )2 



CHO 
49.6 




^ .CH=CH2 fry* 



Br 



P{0)(0R')2 



CHO 
50.1 

Example 



50.2 




P(0)(0R^)2 




P(OKOR^)2 



P(0)(0R^)2 




P(0)(0R^)2 



50.6 



OHC 




P(0)(0R^)2 



50.7 



50.8 
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Scheme 51 
Method 



CHgOH 




Br(CH2)nP(0)(OR^)2 



51.2 



CHO 
-51.1 
Example 




CHO 
51.4 



Br(CH2)2(0)(OR^)2 
51.5 . 




.CH2O(CH2)nP(0)(0R^)2 



CHO 
51.3 




Scheme 52 
Method 



OH 




CHO 
52.1 

Example 

OH 




CHO 




Br 



CHO 
52.2 



Br 




CHO 
52.6 



P(OR^)3 



52.3 



9 



P(OR^)3 



52.3 



P(0)(0R^)2 



CHO 
5Z4 



P(0)(0R^)2 




CHO 



-863- 



wo 03/090690 



PCT/DS03/12901 



Scheme 53 
Method 

CH3 




COOH 



53.11 BF4" 53^0 



Scheme 54 depicts the preparation of quinoIine-2-carboxyKc acids incorporating a 
phosphonate naoiety attached to the quinoline ring by means of an oxygen or a sulfur atom. In 
this procedure, an amino-substituted quinoline-2-carboxylate ester 54.1 is transfonrod, via a 
diazotization procedure as described above (Scheme 53) into the corresponding phenol or 
thiol 54.2. The latter coii5)ovmd is then reacted with a dialkyl hydroxymethylphosphonate 
54 J, under the conditions of the Mitsonobu reaction, to afford the phosphonate ester 54.4. 
The preparation of aromatic ethers by means of the Mitsonobu reaction is described, for 
example, in Comprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 448, 
and in Advanced Organic Chemistry, Part B, by RA. Carey and R. J. Sundberg, Plenimi, 2001, 
p. 153-4. The phenol or thiophenol and the alcohol conq>onent ar& reacted together in an 
aprotic solvent such as, for exan5>le, tetrahydrofuran, in the presence of a dialkyl 
azodicarboxylate and a triarylphosphine, to afford the thioether products 54.5. Basic 



-864- 



wo 03/090690 



PCTAJS03/12901 



hydrolysis of the ester group, for example employiag one molar equivalent of lithium 
hydroxide in aqueous methanol, then yields the carboxylic acid 54.6. 
For exanaple, methyl 6-amino-2-quinoline carboxylate 54.7, prepared as described in J. Het. 
ChenL, 1989. 26, 929, is converted, by means of the diazotization procedure described above, 
into methyl 6-mercaptoquinoliQe-2-carboxylate 54.8. This material is reacted with a dialkyl 
hydroxymethylphosphonate 54.9 (Aldrich) in the presence of diethyl azodicarboxylate and 
triphenylphosphine in tetrahydrofuran sohition, to afford the thioether 54.10. Basic hydrolysis 
then afford the carboxylic acid 54.11. 

Using the above procedures, but enq)loying, in place of methyl 6-amino-2-quinoline 

carboxylate 54.7, different aminoquinoline carboxylic esters 54.1^ and/or different dialkyl 

hydroxymethy^hosphonates 543 the corresponding phosphonate ester products 54.6 are 
obtained. 

Scheme 55 illustrates the preparation of quinoline-2-carboxylic acids incorporating 
phosphonate esters attached to the quinoline ring by means of a saturated or unsaturated 
carbon chain. In this reaction sequence, a bromo-substituted quinoline carboxylic ester 55.1 is 
coupled, by means of a palladium-catalyzed Heck reaction, with a dialkyl alkenylphosphonate 
55.2. The coupling of aryl haUdes with oleJBns by means of the Heck reaction is desaribed, for 
exan?)le, in Advanced Organic Chemistry, by F. A. Carey and R. J. Sundberg, Plenum, 2001, 
p. 503ff. The aryl bromide and the olefin are coupled in a polar solvent such as 
dimethylformamide or dioxan, in the presence of a palladium(0) catalyst such as 
tetrakis(triphenylphosphine)paIladium(0) or palladium(II) catalyst such as palladium(II) 
acetate, and optionally in the presence of a base such as triethylanmne or potassium carbonate. 
Thus, Heck coupling of the hromo con5)ound 55.1 and the olefin 55.2 affords the olefinic 
ester 553. Hydrolysis, for example by reaction with lithium hydroxide in aqueous methanol, or 
by treatm^t with porcine liver esterase, then yields the carboxylic acid 55.4. Optionally, the 
unsaturated carboxylic acid 55.4 can be reduced to afford the saturated analog 55.5. The 
reduction reaction can be effected chemically, for example by the use of diimide, as described 
in Comprehensive Organic Transformations, by R. C. Larock, VCH, 1989, p. 5. 
For exaii5)le, methyl 7-bromoquinoline-2-carboxylate, 55.6, prepared as described in J. 
Labelled Comp. Radiopharm., 1998, 41, 1103, is reacted in dimethylformamide at 60" with a 
dialkyl vinylphosphonate 55.7 (Aldrich) in the presence of 2 mol% of 
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tetralds(triphenylphosphme)pafladium and triethylamine, to afford the coiq>led product 55»8. 
The product is then reacted with Kthium hydroxide in aqueous tetrahydrofinran to produce the 
carboxyhc acid 55.9» The latter con^und is reacted with diindde, prepared by basic 
hydrolysis of diethyl azodicarfooxylate, as described in Angew. Ghent Int. Ed., 4, 271, 1965, 
S to yield the saturated product 55.10. 

Using the above procedures, but employing, in place of noethyl 6-bromo-2- 
quinolinecarboxylate 55.6, different hromoquinoline carboxylic esters 55.1^ and/or different 
dialkyi alkenylphosphonates 55.2, the corresponding phosphonate ester products 55.4 and 
55.5 are obtained. 

10 

Scheme 56 depicts the preparation of quinolme-2-carboxyhc acids 56.5 in which the 
phosphonate group is attached by means of a nitrogen atom and an alkylene chain. In this 
reaction sequence, a methyl aminoquinoline-2-carboxylate 56.1 is reacted with a phosphonate 
aldehyde 56.2 under reductive amination conditions, to afford the aminoalkyl product 563. 

15 The preparation of amines by means of reductive amination procedures is described, for 

example, in Comprehensive Organic Transforaiations, by R. C. Larock, VCH, p 421, and in 
Advanced Organic Chemistry, Part B, by F.A. Carey and R. J. Sundberg, Plenum, 2001, p 
269. In this procedure, the anoine component and the aldehyde or ketone component are 
reacted together in the presence of a reducing agent such as, for exarqple, borane, sodium 

20 cyanoborohydride, sodium triacetoxyborohydride or diisobutylaluminum hydride, optionally in 
the presence of a Lewis acid, such as titanium tetraisopropoxide, as described in J. Org. 
Chem, 55, 2552, 1990. The ester product 56.4 is then hydrolyzed to yield the free carboxylic 
acid 56.5. 

For example, methyl 7-aminoquinoline-2-carboxylate 56.6, prepared as described in J. Amer. 

25 Chem. Soc, 1987, 109, 620, is reacted with a dialkyi fonnylmethylphosphonate 56.7 (Aurora) 
in methanol solution in the presence of sodium borohydride, to afford the alkylated product 
56.8. The ester is then hydrolyzed, as described above, to yield the carboxyhc add 56.9. • 
Using the above procedures, but employing, in place of the formylmethyl phosphonate 56.2, 
different formylalkyl phosphonates, and/or different aminoquinolines 56.1, the coiresponding 

30 products 563 are obtained. 

Interconversioiis of die phosphonates R-liiik-P(0)(0R^)2, R-Iiiik-P(0)(OR^)(OH) and R- 
Iink.P(0)(0H)2. 
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Schemes 1-56 described the preparations of phosphonate esters of the general structure R- 
liiik-P(0)(0R^)2, in which the groups K\ the structures of which are defined in Chart 1, may 
be the same or different. The groups attached to a phosphonate esters 1-7, or to precursors 
thereto, may be changed using established chemical transformations. The interconversions 
reactions of phosphonates are illustrated in Scheme 57. The group R in Scheme 57 represents 
the substructure to which the substituent Iink-P(0)(0R^)2 is attached, either in the compounds 
1-7 or in precursors thereto. The B} group may be changed, using the procedures described 
below, either in the precursor compounds, or in the esters 1-7. The methods en5)loyed for a 
given phosphonate transformation depend on the nature of the substituent R\ The preparation 
and hydrolysis of phosphonate esters is described in Organic Phosphorus Compounds, G. M. 
Kosolapoff, L. Maek, eds, Wiley, 1976, p. 9ffi 

The conversion of a phosphonate diester 57.1 into the corresponding phosphonate monoester 
57.2 (Scheme 57, Reaction 1) can be accon5)Iished by a number of methods. For example, the 
ester 57.1 m which R' is an aralkyl group such as benzyl, can be converted into the nK)noester 
con5)ound 57.2 by reaction with a tertiary organic base such as diazabicyclooctane (DABCO) 
or quinuclidine, as described in J. Org. Chem., 1995, 60, 2946. The reaction is performed in an 
inert hydrocarbon solvent such as toluene or xyl&m, at about 110\ The conversion of the 
diester 57.1 in which R^ is an aryl group such as phenyl, or an alkenjd group such as allyl, into 
the monoester 57.2 can be effected by treatment of the ester 57.1 with a base such as aqueous 
sodium hydroxide in acetonitrile or lithium hydroxide in aqueous tetrahydrofiiran. 
Phosphonate diesters 57.1 in which one of the groups R^ is aralkyl, such as benz}d, and the 
other is alkyl, can be converted into the monoesters 57.2 in which R* is alkyl by 
hydrogenation, for exan5)le using a palladium on carbon catalyst. Phosphonate diesters in 
which both of the groups R are alkenyl, such as alfyl, can be converted into the monoester 
57.2 in which R* is alkenyl, by treatment with chlorotris(triphenylphosphine)rhodium 
(Wilkinson's catalyst) in aqueous ethanol at reflux, optionally in the presence of 
diazabicyclooctane, for example by using the procedure described in J. Org. Chem., 38, 3224, 
1973 for the cleavage of alfyl carboxylates. 

The conversion of a phosphonate diester 57.1 or a phosphonate monoester 57.2 into the 
corresponding phosphonic acid 57.3 (Scheme 57, Reactions 2 and 3) can effected by reaction 
of the diester or the monoester with trimethyMyl bromide, as described in J. CheuL Soc., 
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Chem. Comm.. 739, 1979. The reaction is conducted in an inert solvit such as, for example, 
dichloromethane, optionafly in the presence of a silylating agent such as 
bis(trimethy]silyl)trifluoroacetamide. at ambient temperature. Aphosphonate monoester 57^ 
in which is araDqrl such as benzyl, can be converted into the corresponding phosphonic add 
573 by hydrogenation over a paHadiran catalyst, or by treatment with hydrogen chloride in an 
ethereal soh^ent such as dioxan. A phosphonate monoester 57 J. in which R' is alkenyl such as, 
for exan^le, allyl, can be converted into the phosphonic acid 573 by reaction with Wilkinson's 
catalyst in an aqueous organic solvent, for example in 15% aqueous acetonitrile. or in aqueous 
ethanol. for example using the procedure described in Helv. Chim. Acta., 68, 618, 1985. 
Palladium catalyzed hydrogenolysis of phosphonate esters 57.1 in which R' is benzyl is 
described in J. Org. Chem.. 24, 434. 1959. Platinunnatalyzed hydrogenolysis of phosphonate 
esters 57.1 in which R' is phenyl is described in J. Amer. Chem. Soc, 78, 2336, 1956. 

The conversion of a phosphonate monoester 57.2 into a phosphonate diester 57.1 (Scheme 57, 
Reaction 4) in which the newly introduced R' group is alkyl. aralkyl, haloalkyl such as 
cUoroethyl, or aralkyl can be effected by a number of reactions in which the substrate 57.2 is 
reacted with a hydroxy con5)ound R^OH, in the presence of a coupling agent. Suitable 
coupling agents are those en^loyed for the preparation of carboxylate esters, and inchide a 
carbodiimide such as dicyclohexylcarbodiimide, in which case the reaction is preferabty 
conducted in a basic organic solvent such as pyridine, or (benzotoiazol-1- 
yloxy)tripyirolidinophosphonium hexafluorophosphate (PYBOP, Sigma), in which case the 
reaction is performed in a polar solvent such as dimethylfoimamide, in the presence of a 
tertiary organic base, such as diisopropylethylamine. or Aldrithiol-2 (Aldrich) in which case the 
reaction is conducted in a basic solvent such as pyridine, in the presence of a triaryl phosphine 
such as tr5)henyIphosphine. Alternatively, the conversion of the phosphonate monoester 57.2 
to the diestw 57.1 can be effected by the use of the Mitsonobu reaction, as described above 
(Scheme 54). The substirate is reacted with tiie hydroxy compound R'OH, m tbs presence of 
diethyl azodicarboxylate and a triaiylphosphine such as ttiphenyl phosphine. Alternatively, the 
phosphonate monoester 57.2 can be transformed into the phosphonate diester 57.1, in which 
the introduced R' group is alkenyl or aralkyl, by reaction of die monoester with the halide 
R'Br. in which R' is as alkenyl or aralkyL The alkylation reaction is conducted in a polar 
organic solvent such as dimethylformamide or acetonitrile, in ttie presence of a base such as 
cesium carbonate. Alternatively, tb& phosphonate monoester can be transformed into the 
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phosphonate diester in a two step procedure. In the first step, the phosphonate monoester 57.2 
is transformed into the chloro analog RP(0)(OR*)a by reaction with thionyl chloride or 
oxalyl chloride and the like, as described in Organic Phosphorus Coicpounds, G. M. 
Kosolapoff, L. Maeir, eds, Wiley, 1976, p. 17, and the thus-obtained product RP(0)(OR^)a is 
then reacted with the hydroxy compound R^OH, in the presence of a base such as 
triethylamine, to afford the phosphonate diester 57.1. 

A phosphonic acid R-]ink-P(0)(OH)2 can be transformed into a phosphonate monoester 
RP(0)(OR^)(OH) (Scheme 57, Reaction 5) by n^ans of the methods described above of for 
the preparation of the phosphonate diester R-link-P(0)(0R^)2 57.1, except that only one molar 
proportion of the conoponent R^OH or R^Br is enq>loyed. 

A phosphonic acid R-link-P(0)(0H)2 573 can be transformed into a phosphonate diester R- 
link-P(0)(0R^)2 57.1 (Scheme 57, Reaction 6) by a coupling reaction with the hydroxy 
compound R^OH, in the presence of a coupling agent such as Aldrithiol-2 (Aldrich) and 
tripheny^phosphine. The reaction is conducted in a basic solvent such as pyridine. 
Alternatively, phosphonic adds 573 can be transformed into phosphonic esters 57.1 in which 
R^ is aryl, by means of a coiqpling reaction employing, for example, dicyclohexylcarbodiimide 
in pyridine at ca 70". Alternatively, phosphonic adds 573 can be transformed into phosphonic 
esters 57.1 in which R^ is alkenyl, by means of an alkylation reaction. The phosphonic add is 
reacted with the alkenyl bromide R^Br in a polar organic solvent such as acetonitrile solution 
at reflux tenq)erature, the presence of a base such as cesium carbonate, to afford the 
phosphonic ester 57.1. 

General applicability of methods for introduction of phosphonate substituents. 

The procedures described herein for the introduction of phosphonate moieties (Schemes 21 - 
56) are, with appropriate modifications known to one skilled in the art, transferable to 
different chemical substrates. Thus, the methods described above for the introduction of 
phosphonate groups into carbinols (Schemes 21 - 26 ) are appKcable to the introduction of 
phosphonate moieties into the oxirane, thiophenol, aldehyde and quinoline substrates, and the 
methods described herein for die introduction of phosphonate moieties into the oxirane. 
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thiophenol, aldehyde and quinoline substrates, (Schemes 27 - 56) are applicable to the 
introduction of phosphonate moieties into carbinol substrates. 



Scheme 54 



Method HO{CH2)nP(0)(OR^)2 




Example HOCH2P(0)(OR^)2 




54-11 
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Scheme 55 
Method 




O 



Scheme 56 
Method 
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Scheme 57 

O 1 P 

R.|ink — P^OR^ ► R-link — P^OPT 

OR* OH 

57.1 57.2 

/P i 2 p 

R-link — p-OR' ► R.|ink_f^LoH 

OR^ bH 

57.1 57.3 

0 3 P 

R-link— if-OR^ R-link— p^-OH 

bh OH 

57.2 57.3 

,0 . ,0 

R-link — P^R^ ► R-link — p-OR^ 

OH OR^ 

57.2 57.1 

P 5 ,0 

R-IInk — P-OH R-link — R-OR^ 

OH bH 

57.3 57.2 

/P 6 P , 

R-link — l=-OH ► R-link — F^-OR^ 

OH OR^ 

57.3 57.1 



Preparation of phosphonate intennediates 6 and 7 with phosphonate moieties 
incorporated into the group R^COOH and R^COOH. 



The chramcal transformations described in Schemes 1-56 Hhistrate the preparation of 
compounds 1-5 in which the phosphonate ester moiety is attaclied to tfie caihinol moiety, 
(Schemes 21 - 26), the oxirane moiety (Schemes 27 - 29), the thiophenol moiety (Schemes 30 
- 39), the aldehyde moiety (Schemes 40 - 52) or the quinoline moiety (Schemes 53 - 56). The 
various chemical methods en^loyed for the preparation of phosphonate groups can, with 
appropriate modiGcations known to those skiUed in the art, be ^plied to the introduction of 
phosphonate ester groups into the compounds R^COOH and R^COOH, as defined in C3iarts 
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2a, 2b and 2c. The resultant phosphonate-containing analogs, designated as R^OOH and 
R^^COOH can then, using the procedures described above, be en5)loyed in the preparation of 
the corcpounds 6 and 7. The procedures required for the introduction of the phosphonate- 
. containiQg analogs R^COOH and R^^COOH are the same as those described above (Schenoes 
5 1, 5, 7 and 10) for the introduction of the R^CO and R^CO moieties. 

Tipranavir-like phosphonate protease inhihitors (TLPPD 

Chart 1 illustrates the target conopounds of the invention. A linkage group (Knk) is a portion 
10 of the structure that links two substructures, one of which is the scaffold having the structures 
shown above, the other a phosphonate moiety bearing the appropriate R and R^ groups, as 
defined below. The link has at least one uninterrupted chain of atoms, other than hydrogen, 
typically ranging in up to 25 atoms, nK)re preferably less than 10 atoms (hydrogen excluded). 
The link can be fonned using a variety of functional groups such as heteroatom, carbon, 
15 alkenyl, aryl etc. Chart 2 illustrates the intermediate phosphonate confounds of this invention 
that are used in the preparation of the targets. Chart 1. Chart 3 shows some exanoples 
iflustrated below of linking groups present in the structures in Chart 1 and 2. The R and R^ 
groups can be both natural and un-natural amino acid esters linked through the amine nitrogen, 
or alternatively, one of the groiq>s can be substituted for an oxygen linked aryl, alkyl, aralkyl 
20 group etc. Alternatively one of the groups may be an oxygen linked aryl, alkyl, aralkyl group 
etc and the other a lactate ester. 
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TipFBnavir 
US 5652195 

Charti 




3 

4 

Rt = H, all^l, haloalkyi, alkenyt, aialkyl; aryl 
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. Phospbonate Interconversions 
The final conq)oiinds described above are synthesized according to the methods described in 

5 the following Schemes 1-16. The intermediate phospbonate esters are shown in Chart 2 and 

these compounds can be used to prepare the final coitpounds illustrated above in Chart 1, by 

one skilled in the art, using known methods for synthesis of substituted phosphonates. These 

methods are similar to those described for the synthesis of amides. The preparation of amides 

firom carboxylic acids and derivatives is described, for exaniple, in Organic Functional Group 

10 Preparations, by S.R.Sandler and W. Karo, Academic Press, 1968, p. 274. Further methods 

are described in Scheme 16 below for the synthesis of the phospbonate diesters and can in 

some cases be applied to the synthesis of phosphor-amides. 

In the following schemes, the conversion of various substituents into the group link- 
P(0)(0R^)2 , where is defined in Chart 2, or indeed the final stage of P(0)RR° , as defined 
IS above, can be effected at any convenient stage of the synthetic sequence, or in the final step. 
The selection of an appropriate step for the introduction of the phospbonate substituent is 
made after consideration of the chemical procedures required, and the stability of tb^ 



-875- 



wo 03/090690 



PCTAJS03/12901 



substrates to those procedures^ It may be necessary to protect reactive groups, for example 
hydroxy!, amino, during the introduction of the group Iink-P(0)(0R*)2 or P(0)RR° 
In the succeeding exanoples, the nature of the phosphonate ester group P(0)(0R^)2 can be 
varied, eidier before or after incorporation into the scaffold, by means of chemical 
5 transformations. The transformations, and the methods by which they are accomplished, are 
described belov? (Scheme 16). Examples shown in charts 1-3 indicate a specific 
stereochemistry. However, the methods are applicable to the synthesis all of the possible 
stereoisonaers and the separation of possible isomers can be effected at any stage of the 
sequence after introduction of the stereocenter. The point in the synthetic sequence would be 
10 determined by the resolution that could be achieved in the separation by one skilled in the art. 

Protection of reactive substituents. 

Depending on the reaction conditions en5)loyed, it may be necessary to protect certain 
15 reactive substituents firom unwanted reactions by protection before the sequence described, 
and to deprotect the substituents aft^wards, according to the fcuowledge of one skilled in the 
art. Protection and deprotection of functional groups are described, for example, in Protective 
Groups in Orgamc Synthesis, by T.W. Greene and RGM Wuts, Wiley, Third Edition 1999. 
Reactive substituents which may be protected are shown in the acconopanying schemes as, for 
20 example, [OH], [SH], etc. 

Preparation of Intermediate Phosphonates shown in Chart 2 

Scheme 1-3 illustrates the synthesis of target molecules of type 1, chart 2, in which A is Br, CI, 
25 [OH], [NH], or the group link-P(0)(0R^)2. The procedures described in J. Med. Chem. 1998, 
41, p3467 are used to generate compounds of the type 1 from 1.2 in which A is Hydrogen. 
The conversion of 1.1 into 1.2 follows procedures described in Bioorg Med. Chem 1999, 7, 
p2775 for the preparation of a similar compound. The preparation of 1.1 is described in 
Scheme 13-14. For example, acid 1.1 is converted via the Weinreb amide to the ketone 1.2. 
30 The ketone 1.2 is then treated with 3-oxo-butyric acid naethyl ester, as described in J. Med 
Chem. 1998, 41, 3467, to give the pyrone 13. A mixture of R and S isomers can be carried 
forward or alternatively separated by chiral chromatography at this stage. Aluminium chloride 
catalysed condensation of 3-nitrobenzaldehyde onto the pyrone 13, as described in J. Med 
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ChenL 1998, 41, 3467-3476, affords nitro pyrone 1.4. Nitro pyrone 1.4 upon treatment with 
triethyialuminum in the presence of copper(l) bronride-dimethylsulfide as described in J. Med 
Cheni 1998, 41, 3467-3476 affords the dihydropyrone 1.5. Protection of the dihydropyran 
hydro;Qrl in 1.5 with a suitable protecting group as described in Protective Groups in Organic 
5 Synthesis, by T.W. Greene and P.GJVI Wuts, Wiley, Third Edition 1999 p.249ff gives the 
hydroxyl protected conapound 1.6. For exanople, treatment with SEMQ in the presence of 
base e.g. potassium carbonate^ generates the SEM eth^ protected 1.6. Catalytic 
hydrogenolysis of the nitro group, as described in J. Med Chem. 1998, 41, 3467-3476, affords 
the aryl amine 1.7 which is then coupled with the 5-trifluoromethyl-pyridine-2-sulfonyl 

10 chloride in the presence of pyridine, as described in J. Med CheuL 1998, 41, 3467-3476 to 
afford the sulfonamide 1.8, Finally, removal of the protecting group as described in 
Protective Groups in Organic Synthesis, by T.W. Greene and P,GM Wuts, Wiley, Third 
Edition 1999 p.249ff affords the product 1.9. For exanq)le, treatment of the SEM protected 
product indicated above with TBAF produces the de-sflylated (6R, 3R/S) product 1.9. The 

15 diastereoisomers are then separated through silica gel chromatography. 

Scheme 2 also illustrates the synthesis of target molecules of type 1, chart 2, in which A is Br, 
a, [OH], [NH], or the group link-P(0)(0R^)2but the products in this example have the 
absolute stereochemistry (6R, 3R) . The ketone 1.2, prepared in Scheme 1, is transformed 

20 into the dihydropyrone 2.2 as described in Drugs of the Future, 1998, 23(2), pl46. This 2 
step reaction involves reaction of the ketone with dioxalone 2.1, prepared as described in 
Drags of the Future, 1998, 23(2), pl46 in the presence of Ti(OBu)a3, followed by treatment 
with a base such as potassium tert-butoxide. Treatment of the dihydropyrone 2.2 with the 
same procedures reported in Scheme 1 for the conversion of 1.5 into 1.9 then affords the final 

25 product 1.9 in chiral form (6R, 3R). For exan5)le, the pyrdne hydroxyl 2.2 is first protected 
as described in Protective Groups in Organk: Synthesis, by T.W. Greene and P.G.M Wuts, 
Wiley, Third Edition 1999 p.249ff, to afford 23 and then the dibenzyl groups are removed 
firom 2.3 by catalytic hydrogenolysis as described in Protective Groups in Organic Synthesis, 
by T.W. Greene and P.G.M Wuts, Wiley, Third Edition 1999 p.579 to afford the amine 

30 product 1.7. Amine 1.7 is then converted into 1.9 as described in Scheme 1* 
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The reactions shown in Scheme 1-2 illustrate the preparation of the conopounds 1.9 in which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], 
[NH], Br etc. Scheme 3 depicts the conversion of the compounds 1.9 io which A is [OH], 
[SH], [NH], Br etc, into the phosphonate esters 1. In this procedure, the coiiq>ounds 1.9 are 
converted, using the procedures described below. Schemes 10-15, into the coiiq>ounds 1. 



Scheme 1 




1.9 
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Scheme 4 illustrates the synthesis of target molecules of type 2, chart 2, in which A is Br, CI, 
[OBTJ. [NH], or the group link-P(0)(0R^)2- The acid 4.1 prepared as described below 
(Scheme 15), is converted into 4J2 using the procedures described in Scheme 1 or Scheme 2. 

5 The reactions shown in Scheim 4 iOustrate the preparation of the compounds 4^ in which the 
substituent A is either the group link-P(0)(OR^)2 or a precursor such as [OH], [SH], [NH], Br 
etc. Scheme 5 depicts the conversbn of the conopounds 4JZ in which A is [OH], [SH], [NH], 
Br etc, into the phosphonate esters 2. In this procedure, the compounds 4JZ are converted, 
using the procedures described below. Schemes 10-15, into the compounds 2. 

10 

Scheme 4 




Scheme 6-7 ilhistrates the synthesis of target molecules of type 3, chart 2, in which A is Br, CI, 
[OH], [NH], or the group Iink-P(0)(OR^)2. The amine 6.1 prepared as described in Drugs of 
15 the Future, 1998, 23(2), pl46 or US 5852195, is converted into the sulfonamide 6.2 using the 
procedures described in Scheme 1 or Scheme 2 for the preparation of 1.8 from 1.7. The 
synthesis of the sulfonyl chlorides 63 is shown below in Schemes 11-12. 

The reactions shown in Scheme 6 ilhistrate the preparation of the con5)ounds 6.2 in which the 
20 substituent A is eith^ the group link-P(0)(OR% or a precursor such as [OH], [SH], [NH], Br 
etc. Scheme 7 depicts the conversion of the conq?ounds 6.2 in which A is [OH], [SH], [NH], 
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Br etc, into the phosphonate estCTS 3. In this procedure, the confounds 6.2 are converted, 
using the procedures described below, Schemes 10-15, into the connyounds 3. 



Scheme 6 




Scheme 8 ilhistrates the synthesis of target molecules of type 4, chart 2, in which A is Br, CI, 
[OH], [NH], or the group link-P(0)(0R^)2. The amine 6.1 prepared as described in Drugs of 
the Future, 1998, 23(2), pl46 or US 5852195, is converted into the sulfonamide 8.1 by 
treatment with 8.2 using the procedures desoibed in Scheme 1 or Scheme 2. The synthesis of 
the sulfonyl chlorides 8.2 is shown below in Scheme 10. 

The reactions shown in Scheme 8 illustrate the preparation of the coinpounds 8.1 in which the 
substituent A is either tte group link-P(0)(0R^)2 or a precursor such as [OH], [SH], [NH], Br 
etc. Scheme 9 depicts the conversion of the conqwjunds 8.1 in which A is [OH], [SH], [NH], 
Br etc, into the phosphonate est^ 4. In this procedure, the compounds 8.1 are converted, 
using the procedures described below. Schemes 10-15, into the compounds 4. 
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Preparation of phosphonate reagents used in the synthesis of compounds 1-4 

5 Schemes 10 describes the preparation of phosphonate-contaming derivatives 8.2, in which tlie 
phosphonate is hhked through a heteroatom, which are enq>loyed in ib& preparation of the 
phosphonate ester intermediates 4. The pyridyl ester 10.1 (Acres) is first reduced to the 

alcohol 10.2. This transformation involves reducing the ester with lithiiun aluminium hydride, 

♦ « 

or other reducing agent> in an inert solvent such as THF or dioxane. Alcohol 10.2 is then 
10 converted to the bronodde 10.3 through typical hydroxyl to bromide conversion conditions 
described in Con^rehensive Organic Transformations, ILC. Larock, 2°^ edition, p693-697. 
For instance, treatment of 10.2 with carbon tetrabromide and triphenylphosphine in THF or 
dioxane affords the bromide 10.3. Treatment of the bromide 103 with a thiol, amino, or 
hydro}^l alkyl phosphonate 10.6 then affords the phosphonate product 10.4. The reaction is 
IS p^oimed in the presmce of a base, in a polar aprotic solvent such as dioxane or N- 
methy^yrrolidinone. The base enq>Ioyed in the reaction depends on the nature of the reactant 
10.6. For example, if X is O, a strong base such as, for exan^le, lithium hexamethyldisilylazide 
or potassium tert. butoxide is employed. K X is S, NH or N-alkyl, an inorganic base such as 
cesium carbonate and the like is enq>loyed. The chloride 10.4 is then treated KHS in 
20 methanol, as described in Justus liebigs Annalen Chemie, 1931, plOS or thiourea followed by 
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potasshim hydroxide treatnient, as described in Heterocycles 1984, pi 17, to give the ocrsulfide 
10^, If appropriate, reactive groups e.g. amines in the phosphonate chain, are protected using 
methods known to one skilled in the art. The a-sulfide 10^ is then converted to the sulfonyl 
chloride 8.2 by treatment with chlorine in HO, as described in Synthesis 1987, 4, p409, or J. 
5 Med. Chem 1980,12, pl376. 

For example, the pyridyl bromide 103, described above, is treated with amino phosphonate 
10.7, prepared as described in J. Org. Chem 2000, 65, p676, in the presence of potassium 
caibonate and DMF to afford the phosphonate product 10.8. Protection of the amine by 

10 conversion to the CBZ carbamate 10.9 is p^ormed by treatment of 10.8 with benzyl 

chlorofonnate in the presence of triethylamine. Farther treatn^nt of 10.9 with thiourea in 
ethanol at reflux followed by treatmi^t with potassium hydroxide in water then affords the 
thiol 10.10. Thiol 10.10 is then treated with chlorine in HQ (aqueous) to afford the sulfonyl 
chloride 10.11. Using the above procedures, but employing, in place of the amino alkyl 

15 phosphonate 10.7, different alkyl phosphonates 10.6, the corresponding products 8.2 are 
obtained. 

Alternatively (Example 2), illustrates the preparation of phosphonates in which the link is 
through an oxyen atom. The pyridyl iM-omide 103 described above, is treated with hydroxyl 
20 phosphonate 10.12, prepared as described in Synthesis 1998, 4, p327, in the presence of 

potassium carbonate and DMF to afford the phosphonate product 10.13. Further treatn^nt of 
10.13, as described above, for the conversion of 10.8 into 10.11 affords the sulfonyl chloride 
10.16. Using the above procedures, but enq>loying, in place of the hydroxy alkyl phosphonate 
10.12, dif^^ alkyl phosphonates 10.6 the conesponding jnodncts 8.2 are obtained. 

25 
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Scheme 10 




10.5 
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Schemes 11-12 describe the preparation of phosphonate-containing derivatives 63, which are 
eir5)loyed in the preparation of the pho^honate ester intermediates 3. Scheme 11 illustrates 
con5)ounds of type 63 in which the link is through a oxygen, sulfur or nitrogen heteroatom. 
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Pyridyl halide 11.1 is treated with the dialkyl hydroxy, thio or amino-substituted 
alky^hosphoBate 10.6 to give the product 113, The reaction is performed in the presence of a 
base, in a polar aprotic solvent such as dioxan or N-methylpyrrolidinone. The base employed 
in the reaction depends on the nature of the reactant 10.6. For example, if X is O, a strong 

5 base such as, for exanqile, lithium hexamethyldisilylazide or potassium tert* butoxide is 
employed. If X is S, NH or N-alkyl, an inorganic base such as cesium carbonate and the like is 
eii5)loyed. Upon formation of 11.3 the pyridine is converted to the a-cMoro pyridine 11.4 by 
treatment with chlorine at high temperature in a sealed vessel as described in RecL Trav. C3um 
Pays-Bas 1939, 58, p709 or, preferably, the a-chloro compound is generated by treatment of 

10 11.3 with butyl lithium in hexane and Me2N(CH2)20Li followed by addition of a chloride 
source such as hexacHoroethane, as described in Chem Commun. 2000, 11, p951. Chtoride 
11.4 is then converted to the thiol 11.4 as described above (Scheme 10). Thiol 11.5 is then 
converted to the sulfonyl chloride 63 as described in Scheme 10. 

15 For example, hromo pyridine (Apollo) 11.6 is treated with amine 10.7 in the presence of 

cesium carbonate in THF or alternative solvent at reflux to give the amine 11.7. The amine is 
then convated to the sulfonyl chloride 11.9 through the intermediate chloride 11.8 as 
described in Scheme 10. Using the above procedures, but employing, in place of the amino 
alky] phosphonate 10.7, difGarent alkyl phosphonates 10.6, and in place of the pyridine 11.6 

20 different halo pyridines 11*1, the corresponding products 63 are obtained. 

Alternatively the bromo pyridine 11.6 (Apollo) is treated with thiol 11.10, prepared as, 
described in Zh. Obschei Khim 1973, 43. p2364, in the presence of cesium carbonate in THF 
or alternative solvent at reflux to give the thiol 11.11. The thiol is then converted to the 
25 sulfonyl chloride 11.12 as described above for the conversion of 11.7 into 11.9. Using the 
above procedures, but employing, in place of the thiol alkyl phosphonate 11.10, different alkyl 
phosphonates 10.6, and in place of the pyridine 11.6 different halo pyridines 11.1, the 
corresponding products 6.3 are obtained. 

30 Scheme 12 illustrates con5)ounds of type 63 in which the phosphonate is attached through an 
unsaturated or saturated carbon linker. In this procedure, pyridyl bromo con5)Ound 11.1 is 
treated under a palladium catalyzed Heck coupling conditions with the alkene 12.1 to give the 
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coupled alkene The coupling of aiyl halides with olefins by means of the Heck reaction 
is described, for exanq>Ie, in Advanced Organic Chemistry, by F. A. Carey and R. J> Sundberg, 
Plenum, 2001, p. 503flf and in Acc. Chem. Res., 12, 146, 1979. The aryl bromide and the 
olefin are coupled in a polar solvent such as dimethylformamide or dioxane, in the presence of 
S a palladium(0} catalyst such as tetrakis(tripheny]^hosphine)pa]ladium(0) or a palladium(II) 
catalyst such as paIIadium(II) acetate, and optionally in the pres^ice of a base such as 
triethylamine or potassium carbonate, to afford the coupled product 12.2. Optionally, the 
product 12*2 can be reduced to afford the saturated phosphonate 12.4. Methods for the 
reduction of carbon-carbon double bonds are described, for example, in Con^ehensive 
10 Organic Transformations, by R. C. Larock, VCH, 1989, p. 6. The methods include catalytic 
reduction, and chemical reduction, the latter for exanq)le en^loying diborane or diimide. 
FoQowing the Heck reaction or reduction the pyridyl con^unds 12J2 and 12.4 are converted 
to the sulfonyl chlorides 123 and 12.5 respectively, using the same procedures described in 
Scheme 1 1 for the conversion of 113 into 63 

15 

For example, pyridine 11.6 (Aldrich) is reacted with a dialkyl propenyl phosphonate 12.6, the 
preparation of which is desrabed in J. Med. Oiem., 1996, 39, 949, in the presence of 
bi5(tripheny]phosphine) palladium(ll) chloride , as described in J. Med. ChenL, 1992, 35, 
1371, to afford the coupled product 12*7. The product 12.7 is then reduced, for example by 

20 reaction with diimide, as described in J. Org. Chem., 30, 3965, 1965, to afford the saturated 
product 12.9* Conversion of the products 12.7 and 12.9 into the sulfonyl chlorides 12.8 and 
12.10 respectively follows the same procedures described above for the conversion of pyridine 
11.7 into 11.9. Using the above procedures, but eiiq>loying, in place of the halo pyridiae 
coiEpound 11.6, different pyridines 11.1, and/or different phosphonates 12.1 in place of 12.6» 

25 the corresponding products 123 and 12.5 are obtained. 
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Scheme 11 
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Scheme 12 
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Schemes 13-14 illustrate the preparation of phosphonate containing conopounds 1.1 that are 
used in the preparation of the con:q)ounds of type 1, chart 2. Scheme 13 illustrates the 
preparation of phosphonates 1.1 in which the phosphonate is attached through a heteroatom 
such as S, O or N. The aryl halide 13.1 bearing a hydroxy], ammo or thiol group, is treated 
with one equivalent of the phosphonate alkylating agent 13.2, in which Lv is a group such as 
mesyl, trifhioromethanesulfonyl, Br, I, CI, tosyl etc, in the presence of base e.g. potassium or 
cesium carbonate in DMF, to give the conqpound 133. The jxroduct 133 is then converted to 
the alkene 13.4 using a palladium mediated Heck coupling with Methyl acrylate as described 
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above. Scheme 12. The aciylate is reduced as described in Scheme 12 and then the ester is 
hydrolyzed by treatment with base such as lithium or sodium hydroxide to afford the acid 1.1. 

For example, the halide 13.6 (Aldrich) is treated with triflate phosphonate 13 J y prepared as 
5 described in Tet Lett. 1986, 27, pl497, and potassium caibonate in DMF, to give the ether 
13.8. The etho: is then treated with methyl acrylate under Heck coupling conditions as 
described ia J. Med Chem. 1992, 35, pl371, to give the alkenc 13.9. 13.9 is reduced by 
treament with diimide, as described analogously in Bioorg Med. Chem. 1999, 7, p2775 to give 
the saturated aryl ester 13.10. Treatment of 13.10 with Kthium hydroxide in THF and water 
10 then affords the acid 13.11. Using the above procedures, but employing, in place of the aryl 
halide 13.6, different aryl halides 13.1, and/or different phosphonates 13J5 in place of 13.7, the 
corresponding products 1.1 are obtained. 

Scheme 14 illustrates the preparation of phosphonates 1.1 in which the link is through a 
15 carbon bond and a nitrogen heteroatom. The aryl halide bearing an carbonyl group is treated 
with one equivalent of the ammo alkyl phosphonate 14.2 under reductive amination conditions 
to give the amine 14.3. The preparation of amines by means of reductive amination 
procedures is described, for exanople, in Con5)rehensive Organic Transformations, by R. C. 
Larock, 2 edition, p. 835. In this procedure, the amine con:5)onent and the aldehyde 
20 component are reacted together in the presence of a reducing agent such as, for exanq)le, 
borane, sodium cyanoborohydride or diisobutylalundnum hydride, to yield the amine product 
143. The amine product 143 is then converted to the alkene 14.4 using a palladium mediated 
Heck coi^ling with Methyl acrylate as desoibed above. Scheme 13. The acrylate is then 
reduced as described in Scheme 13 to giev 14.5, and then the ester is hydrolyzed by treatment 
25 with base such as lithium or sodium bj^droxide to afford the acid 1.1. 

For exan^)le, the halide 14.6 (Aldrich) is treated with amino phosphonate 10.7, prepared as 
described above, in methanol for 30 min. After 30 min sodium borohydride is added to give 
the amine 14.7. The amine 14.7 is then treated with methyl acrylate under Heck coupling 
30 conditions as described above, to give the alkene 14.8. Alkene 14.8 is reduced as described in 
Scheme 13 to give the saturated ester 14.9. Treatment of 14.9 with lithium hydroxide in THF 
and water then affords the acid 14*10. Using the above procedures, but enQ>loying, in place of 
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the aryl halide 14.6, different aryl halides 14.1, and/or different amino phospbonates 14.2 in 
place of 10*7, the coiresponding products 1.1 are obtained. 



Scheme 13 
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Scheme 14 
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Scheme 15 describes the preparation of phosphonate-containing derivatives 4.1 which are 
employed in the preparation of the phosphonate ester intermediates 2, chart 2, The alcohol 
15.1 prepared as described in J, Org Chem. 1994, 59, p3445, is treated with ethylene glycol 
and a catalytic amount of tosic acid in benzene at reflux to give the 1,3-dioxalone 15^. The 
dioxalone is then treated with carbon tetrafaromide and tiq>henyl phosphine in acetonitrile, or 
alternate conditions as described in Corrprehensive Organic Transfomaations, R.C. Larock, 
2°^ editions, p693-697, to generate the bromide 153. Bromide 15.3 is then treated with the 
dialkyl hydroxy, thio or amino-substituted alkylphosphonate 10.6 to give the product 15.4. 
The reaction is perfom^ in the presence of a base, in a polar aprotic solvent such as dioxan 
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or N-methylpyixolidinone. The base eixployed in the reaction depends on the nature of the 
reactant 10.6. For exanq)le» if X is O, a strong base such as, for exaiqple, lithium 
hexamethyldisflylazide or potassium tert butoxide is employed. If X is S, NH or N-alkyl, an 
inorganic base such as cesium carbonate and the like is en^loyed Following preparation of 
5 15.4 the dioxalone is removed as described in Protective Gn>iq>s in Organic Synthesis, by 
T.W. Grerae and P.G.M Wuts, Wiley, Third Edition 1999 p.317. 

For example, 15.5 described above, is treated with alcohol 10.12, prepared as described in 
Scheme 10, in DMF and potassium carbonate at ca 80 ""C to give the phosphonate 15.7. 

10 Alternatively bromide 15.5 is then heated at reflux with an equimolar anK>unt of a dialkyl 2- 
mercaptoethylphophonate 11.10, the preparation of which is described in Aust. J. CtenL, 43» 
1 123, 1990» in the presence of sodium carbonate, to afford the thioether product 15.9. 
Treatment of 15.7 and 15.9 with aqueous HQ in THF then affords the ketones 15.8 and 15.10 
respectively. Using the above procedures, but employing, in place of 10.12 and 11.10» 

15 different alkyl phosphonates 10*6 the corresponding products, 4.1 are obtained. 

Scheme 15 
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15.10 

General applicability of methods for introduction of phosphonate substituents. 

The procedures described for the introduction of phosphonate moieties (Schemes 10-15) are, 
with appropriate modifications known to one skilled in the art, transferable to different 
chemical substrates. Thus, for exsanplCy the methods described above for the introduction of 
phosphonate groups onto the pyridyl ring of 11.1, are also applicable to the introduction of 
phosphonate moieties onto the aryl rings of 13.1 and 14.1, and the reverse is also true. 

Interconversions of the phosphonates between R-Iink-P(0)(0R^)2, R-Iink- 
P(0)(OR*)(OH) and R-link-P(0)(0H)2/ 

The schemes above describe the preparation of phosphonates of general structure R-link- 
P(0)(0R^)2 in which the R' groups are defined as indicated in Chart 2, and the R group refers 
to the scaffold. The R^ groups attached to the phosphonate esters in Chart 2 may be changed 
using established chemical transformations. The intofconversion reactions of the 
phosphonates attached through the link group to the scafibld (R) are illustrated in Scheme 16. 
The interconversions may be carried out in the precursor con^unds or the final products 
using the mettods described below. The methods en5)loyed for a given phosphonate 
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transfoimation depend on the nature of the substituent . The preparation and hydrolysis of 
phosphonate esters is described in Organic Phosphorus Compounds, G. M. Kosolapoff, L. 
Maeir, eds, Wfley, 1976, p. 9fL 

The conversion of a phosphonate diester 16.1 into the coiresponding phosphonate monoester 
5 16.2 (Scheme 16, Reaction 1) can be accomplished by a number of methods. For exanq)le, the 
ester 16*1 in which R^is an araOs^ group such as beaizyl, can be converted into the monoester 
conq)Ound 16.2 by reaction with a tertiary organic base such as diazabicyclooctane (DABCO) 
or quinuclidine, as described in J. Org. ChenL, 1995, 60, 2946. The reaction is perfomoed in an 
inert hydrocarbon solvent such as toluene or xylene, at about 1 10\ The conversion of the 

10 diester 16.1 in which R^is an aryl group such as phenyl, or an aOcenyl group such as allyl, into 
the monoester 16.2 can be effected by treatm^ of the ester 16.1 with a base such as aqueous 
sodium hydroxide in acetonitrile or lithium hydroxide in aqueoiis tetrahydrofuran. 
Phosphonate diesters 16.2 in which one of the gronps R^is aralkyl, such as ben2yl, and the 
other is alkyl, can be converted into the monoesters 16JS in which R^is aOcyl by hydrogenation, 

IS for exanq)le using a palladium on carbon catalyst. Phosphonate diesters in which both of the 
groups rWc alkenyl, such as aUyl, can be converted into the monoester 16J2 in which R^is 
aOcenyl, by treatment with ch]orotris(tripheny^hosphine)rfaodium (Wilkinson's catalyst) in 
aqueous ethanol at reflux, optionally in the presence of diazabicyclooctane, for exanq>le by 
using the procedure described in J. Org. Chem., 38 3224 1973 for the cleavage of alfyl 

20 caibo^Iates. 

The conversion of a phosphonate diester 16.1 or a phosphonate monoester 16.2 into the 
corresponding phosphonic acid 163 (Scheme 16, Reactions 2 and 3) can effected by reaction 
of the diester or the monoester with trimethylsilyl bromide, as described in J. Cheia Soc, 
Chem. Comm., 739, 1979. The reaction is conducted in an iuert solvent such as, for exanple, 

25 dichloromethane, optionaBy in the presence of a silylating ag^ such as 

bis{trimethylsflyl)trifhioroacetamide, at ambient tenq>erature. A phosphonate monoest^ 16.2 
in which R^is aralkyl such as benzyl, can be converted into the corresponding phosphonic acid 
163 by hydrogenation oygc a palladium catalyst, or by treatment with hydrogen chloride in an 
ethereal solvit such as dioxan. A phosphonate monoester 16.2 in which R^is alkenyl such as, 

30 for exan5)le, aDyl, can be converted into the phosphonic acid 163 by reaction with WiDdnson's 
catalyst in an aqueous organic solvent, for example in 15% aqueous acetonitrile, or in aqueous 
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ethanol, for exaii5>le using the procedure described in Helv. CtdnL Acta., 68, 618, 1985. 
PaDadium catalyzed hydrogenolysis of phosphonate esters 16.1 in which R^is benzyl is 
described in J. Org. Oiem., 24, 434, 1959. Platinunw:ata]yzed hydrogenolysis of phosphonate 
esters 16.1 in which R^is phenyl is described in J. Amer* Ghent Soc, 78, 2336, 1956. 

5 The conversion of a phosphonate monoester 16.2 into a phosphonate dfester 16.1 (Scheme 16, 
Reaction 4) in which the newly introduced Regroup is alkyl, aralkyl, haloalkyl such as 
cMoroethyl, or aralkyl can be effected by a number of reactions in which the substrate 16.2 is 
. reacted with a hydroxy con^pound R^OH, in the presence of a coupling agent Suitable 
couphng agents are those enployed for the preparation of carboxylate est^s, and include a 

10 carbodiunide such as dicyclohej^lcarbodiiiDide, in which case the reaction is preferably 
conducted in a basic organic solvent such as pyridine, or (benzotiiazol-l- 
yloxy)tripyrrolidinophosphoniumhexafluorophoqihate (PYBOP, Sigma), in which case the 
reaction is perforaoed in a polar solvent such as dimethylformanoide, in the presence of a 
tertiary organic base such as diisopropylethylamine, or Aldridiiol-2 (Aldrich) in which case the 

15 reaction is conducted in a basic solvent such as pyridine, in the presence of a triaryl phosphine 
such as tnphenylphosphine.. Alternatively, the conversion of the phosphonate monoester 16.1 
to the diester 16.1 can be effected by the use of the Mitsonobu reaction. The substrate is 
reacted with the hydroxy con^und R^OH, in the presence of diethyl azodicarboxylate and a 
triary^hosphiae such as triphenyl phosphine^ Alternatively, the phosphonate monoester 16.2 

20 can be transformed into the phosphonate diester 16.1, in which the introduced R^ group is 
alkenyl or aralkyl, by reaction of the monoester with the halide R^Br, in which R^ is as alkenyl 
or aralkyl The alkylation reaction is conducted in a polar organic solvent such as 
dimethylformamide or acetonitrile, in the presence of a base such as cesium carbonate* 
Alternatively, the phosphonate monoester can be transformed into the phosphonate diest^ in a 

25 two stq) procedure. In the first stqp, the phosphonate monoester 16.2 is transformed into the 
chloro analog RP(0)(OR^)a by reaction with thionyl chloride or oxalyl chloride and the like, 
as described in Organic Phosphorus Con[5)ounds, G. M. Kosolapoff, L. Maeir, eds, Wiley, 
1976, p. 17, and the thus-obtained product RP(O)(0R^)a is then reacted with the hydroxy 
con5)ound R^OH, in the presence of a base such as triediylanrine, to afford the phosphonate 

30 diester 16.1. 
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A pbosphoDic acid R-link-P(0)(0H)2 can be transformed into a p]K>sphonate monoester 
RP(O)(0R^)(0H) (Scheme 16, Reaction 5) by means of the methods described above of for 
the preparation of the phosphonate diester R-link-P(0)(0R^)2 16.1, except that only one molar 
proportion of the component R^OH or R^Br is employed A phosphonic acid R-link- 

5 P(0)(0H)2 16.3 can be transformed into a phosphonate diesto- R-link-P(0)(OR% 16.1 
(Schenofi 16, Reaction 6) by a coupling reaction with the hydroxy conqx>und R^OH, in the 
presence of a coupling agent such as Aldrithiol-2 (Aldrich) and tripheny^hosphine. The 
reaction is conducted in a basic solvent such as pyridine. Altemativety, phosphonic acids 16.3 
can be transformed into phosphonic esters 16.1 in which R^ is aryl, by means of a coiq>ling 

10 reaction en5)loying, for exaniple, dicyclohexylcarbodnmide in pyridine at ca 70*". Alternative]^, 
phosphonk acids 163 can be transformed into phosphonic esters 16.1 in which R* is alkenyl, 
by means of an aOgrlation reaction. The phosphonic acid is reacted with the alkenyl bromide 
R^Br in a polar organic solvent such as acetonitrile solution at reflux temperature, the presence 
of a base such as cesium carbonate, to afford the phosphonic ester 16.1. 

15 

Scheme 16 
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Amprenavir-like phosphonate protease inhibitors f AMLPPD 
5 Preparation of the intmnediate phosphonate esters 1-13. 

The structures of the intermediate phosphonate esters 1 to 13 and the stmctures of the 
coiiq)onent groups R^, X of this invention are shown in Charts 1-2. The structures of the 
R^NHi components are shown in Chart 3; the stmctures of the R^-Q conq>onents are shown 

10 in Chart 4; the structures of the R4COOH groups are shown in Chart 5a-c; and the stmctures 
of the R^CH2NH2 amine coiiq>onents are iSustrated in Chart 6. 
Specifk: stereoisomers of some of the stmctures are shown in Charts 1-6; however, all 
stereoisomers are utilized in the syntheses of the conopounds 1 to 13. Suhsequent chemical 
modifications to the compounds 1 to 10, as described herein, permit the synthesis of the final 

15 conn)ounds of this invention. 

The intermediate coii5)Ounds 1 to 10 incorporate a phosphonate moiety (R^0)2P(O) 
connected to the nucleus by means of a variable linking group, designated as "link" in the 
attached stmctures. Charts 7, and 8 illustrate exanq>les of the linking groups present in the 
structures 1 - 10. 

20 Schemes 1-99 illustrate the syntheses of the intermediate phosphonate con^unds of this 
invention, 1 - 10, and of the intem^diate coiiq)ounds necessary for their synthesis. The 
preparation of tte phosphonate esters 11, 12 and 13, in which a phosphonate moiety is 
incorporated into one of the groups R\ R^, R^ , respectively, is also described below. 
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R^ = H, alky!, haloalkyi, aikenyl, aralkyi, aryl 
X = S or dire<^ bond 

R®= aDcyl. CH2S02CH3.C(CH3)2S02CH3,CH2CONH2, CH2SCH3, imidaz-4-yImethyl, CHgNHAc, 
CH2NHCOCF3, tert-butyl 
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Chart 2 




f& = phosphonate containing R"* = phosphonate containing = phosphonate containing 

11 12 13 

R^ = H, alkyi, haloalkyi. alkenyt, arall^, aryt 
X = S or direct bond 

R^ = alkyi, CH2S02CH3,C(CH3)2S02CH3,CH2CONH2, CH2SCH3. imidaz-4-ylmethyl, CH2NHAC, CHgNHCCXJFa. 
tert-butyl 
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Chart 4 Structures containing the R^-Cl components 
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Chart 5a Structures erf the R^COOH components 




CI C2 C3 C4 C5 




C6 C7 C8 C9 CIO 




= alky!. CH2S02CH3,C(CH3)2S02CH3»CH2CONH2, CH2SCH3, lmlda2-4-ylmethyl, CHaNHAc, 
CH2NHCOCF3. tert-butyl 
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C35 C36 C37 



= alM. CH2S02CH3,C(CH3)2S02CH3.CH2C0NH2, CH2SCH3, lmida2-4-ylmethyl, CHgNHAc, 
CH2NHCOCF3, tert-butyl 
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Chart 5c Structures of the R COOH components 




C46 C47 C48 C49 



Chart 6 Structures of the R CH2NH2 components 

xXT""' |ir- 

X = F, Br, a :Y=H, F, Br.a 
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Chart? 




heteroatom 
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CtertS 
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cydized 
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amide 




x-^P(O)(0R^)2 




NHetc 



P(O)(0R^)2 



(B'0)2(0)P 




Protection of reactive'substitUQnts. 



NHetc 



10 



Depending on the reaction conditions en5)loyed, it may be necessary to protect certain 
reactive substitoents from unwanted reactions by protection before the sequence described, 
and to deprotect the substituents afterwards, according to the knowledge of one skilled in the 
ait Protection and deprotection of functional groups are described, for exan^le, in Protective 
Groups in Organic Synthesis, by T.W. Greeaie and P.GJ^ Wuts, Wiley, Second Edition 1990 
or Third Edition 1999. Reactive substituents winch may be protected are shown in the 
accompanying schemes as, for example, [OH], [SH], etc. 
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Preparation of the phosphonate ester intermediates 1 in which X is a direct bond<. . 

The iDtem^diate phosphonate esters 1, in which the groiq> A is attached to the aryl moiety, 
tbeR4COOH group does not contain an secondary amine, and in which the substituent A is 
5 either the group link-P(0)(0R^)2 or a precursor such as [OH], [SH], [NH], Br etc are 

prq)ared as shown in Schemes 1-2. The epoxide 1.1 in which the substituent A is either the 
groiq) link-P(0)(OR*)2 or a precursor such as [OH], [SH], [NH], Br is prepared as described 
in Schemes 56*59 below. Treatment of the epoxide 1.1 with the amine 1.2 affords the 
aminoakohol 13. The preparation of aminoalcobols by reaction between an amine and an 

10 epoxide is described, for exanq>le, in Advanced Organic Chemistry, by J. March, McGraw 
HQl, 1968, p 334. In a typical procedure, equimolar amounts of the reactants are combined in 
a polar solvent such as an alcohol or dimethylformamide and the like, at from ambient to about 
100*", for from 1 to 24 tours, to afford the product 13. The amino alcohol 13 is then treated 
with an acylating agmt 1.4 to afford the product 1.5. The acylating agent is typically a 

IS cUoroformate or a sulfonyl chloride as shown in chart 4. Coupling conditions for amines with 
sulfonyl chlorides is described in Protective Groups m Organic Synthesis, by T.W. Greene and 
P.GJM Wuts, Wiley, Third Edition 1999 p. 603-615 or for chloroformates, p494ff: Preferably, 
the amine 13 is treated with the sulfonyl chloride 1.4 in the presence of a base such as 
pyridine, potassium carbonate etc and THF / water to give the product 1.5. Product 1.5 is 

20 deprotected using conditions described in Protective Groups in Organic Synthesis, by T.W. 
Greene and P.G JM Wuts, Wfley, Third Edition 1999 p. 503f£ Preferably, the BOC amine is 
treated with TFA in an aprotic solvent such as THF. Conversion to the amide 1.8 is 
performed using standard coupling conditions between an acid 1.7 and the amine. The 
preparation of amides fi^om carboxylic acids and derivc^es is described, for exanqple, in 

25 Organic Functional Group Preparations, by S.R.Sandler and W. Karo, Academic Press, 1968, 
p. 274. Tht carfooxyUc acid is reacted with the amine in the presence of an activating agent, 
such as, for exanqple, dicyclohexylcari)odiimide or diisopropylcarbodiimide, optionally in the 
presence oj^ for exanq>Ie, hydroxybenztriazole, m a non-protic solvent such as, for exan^le, 
pyridine, DMF or dichloromethane, to afford the amide. 

30 Alternatively, the carbo^hc acid may first be converted into an activated derivative such as 
the add chloride or anhydride, and then reacted with the amine, in the presence of an organic 
base such as, for example, pyridine, to afford the amide. 
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The conversion of a carboxyfic acid into the cotresponding add chloride is effected by 
treatment of the carboxyfic add with a reagent such as, for exan5)le, thionyl chloride or oxalyl 
chloride in an inert organic solvent such as dichloromethane. 

PrefCTably, the carboxyfic acid 1.7 is reacted with an equimolar amount of the amine 1.6 in the 
presence of dicyclohexylcarbodnmide and hydroxybenztriazole, in an aprotic solvent such as, 
for exan^le, tetrahydrofuran, at about ambient ten5)erature, so as to aJBFord the amide product 
1.8. The compound 1.8, and analogous acylation products described below, in which the 
carboxyfic add R'^COOH is one of the carbonic add derivatives C38-C49, as defined in Chart 
5c, are carbamates- Methods for the preparation of carbamates are described below. Scheme 
98, 

Scheme 2 illustrates an alternative method for the preparation of intermediate phosphonate 
esters 1, in which the group A is attached to the aryl moiety, the R4COOH group does not 
contain an secondary amine, and in which the substituent A is dther the group link- 
P(0)(OR% or a precursor such as [OH], [SH], [NH], Br etc. Hie oxazofidinone 2.1, 
prepared as described in Schemes 60-62, is first activated as shown in 2.2 and then treated 
with amine 1.2 to afford the secondary amine 2.3. The hydroxyl group can be activated by 
converting into a hromo derivative, for exanople by reaction with trq>henylphosphine and 
carbon tetrabromide, as described in J. Am. Chem. Soc, 92, 2139, 1970, or a 
n^thanesulfonyloxy derivative, by reaction with methanesulfonyl chloride and a base, or, 
preferably, into the 4-nitrobenzenesulfonyloxy derivative 2.2, by reaction in a solvent such as 
ethjd acetate or tetrahydrofixran, with 4-nitrobenzenesulfonyl chloride and a base such as 
triethylamine or N-ni^thyhuorphofine, as described in WO 9607642. The nosylate product 2 J5 
is then reacted with the amine con^wnent 1.2 to afford the displacement product 2J5. 
Equimolar amounts of the reactants are combined in an inert solvent such as 
dimethylfoimamide, acetonitrile or acetone, optionally in the presence of an organic or 
inorganic base such as triethylamine or sodium carbonate, at from about 0**C to lOO'C to 
afford the amine product 23. Preferably, the reaction is perfonned in methyl isobutyl ketone at 
80*C, in the presence of sodium carbonate, as described in WO 9607642. Treatment of the 
amme product 23 with the R3 chloride 1.4 as described in Scheme 1 then affords the product 
2.4. The oxazofidinone group present in the product 2.4 is then hydrolyzed to afford the 
hydroxyamine 2.5. The hydrolj^ reaction is effected in the presence of aqueous solution of a 
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base such as an alkali metal hydroxide, optionally in the presrace of an organic co-solvent 
Preferably, the oxazolidinone con5)Ound 2.4 is reacted with aqueous ethanolic sodium 
hydroxide at reflux tenoperature, as described in WO 9607642, to afford the amine 2.5. This 
product is then reacted with the R'^COOH carboxylic acid or activated derivative thareot 1.7, 
5 to afford the product 1.8. The amide-forming reaction is conducted under the same conditions 
as described above, (Scheme 1). 

Scheme 1 




1.6 
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Scheme 3 iBustxates the preparation of intermediate phosphonate esters 1, in which the group 
A is attached to the aryl moiety, the R4COOH group contains an secondary amine, and in 
which the substituent A is either the group liDk-P(0)(0R^)2 or a precursor such as [OH], 
[SH], [NH], Br etc. The dibenzyl amine 3.2 is prepared from epoxide 3.1 and amine 1.2 , 
5 following the same procedures described in Scheme 1 for the preparation of 13. Epoxide 3.1 
is prepared- as described below in Schemes 56a. The amine 3.2 is then converted to the amine 
3.4 as described inUS6391919. Preferably, the amme is first protected as the BOC carbamate 
and then treated with palladium hydroxide on carbon (20%) in methanol under hydrogen at 
high pressure to give the amine 3.4. Treatment of 3.4 with the R4COOH add 1.7 which 

10 contains a secondary or primary amine, under standard amide bond forming conditions as 
described above. Scheme 1, then affords the amide 3.5. Preferably, the add 1.7, EDC and n- 
hydroxybenzotriazole in DMF is treated with the amine 3.4 to give the amide 3.5. Removal of 
the BOC group as described in Protective Groups in Organic Synthesis, by T.W. Greene and 
P.GJM Wuts, Wfley, Third Edition 1999 p. 520-525 then affords the amme 3.6. Preferabfy 

15 the BOC amine 3.5 is treated with HQ in dioxane and water to give the free amine 3.6. The 
amine 3.6 is then treated with an acylating agent such as an acid, chloroformate or sulfonyl 
chloride to give the final product 1.8. Standard coupling conditions for amines with adds or 
sulfonyl chlorides is indicated above Scheme 1. Preferably, the amine 3.6 is treated with 
nitro-sulfonyl chloride in THF and water in the presence of a base such as potassium carbonate 

20 to give the sulfonamide 1.8. 



The reactions shown in Scheme 1-3 illustrate the prqparation of the compound 1.8 in which 
the substituent A is either the group link-P(0)(0R^)2 or a precursor such as [OHI, [SH], 
[NH], Br etc. Scheme 4 depicts the conversion of 1.8 in which A is [OH], [SH], PSIH], Br etc, 

25 into the phosphonate ester 1 in which X is a direct bond. In this procedure 1.8 is converted, 
using the procedures described below, Schemes 47-99, into the compound 1. Also, in the 
preceding and following Schemes, the amino substituted sulfonamide reagents are typically 
introduced as a nitro-sulfonamide reagents. Therefore, where appropriate, an additonal step 
of nitro group reduction as described in Con5)rehensive Organic Transformations, by R- C. 

30 Larock, 2"^ Edition, 1999, p.821fF, is performed to give the final amino products. 
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Scheme 3 
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Scheme 5 illustrates an alternative method for the preparation of the compomid 1 in which the 
group A is attached to tte aryl moiety, the R4COOH group contains a primary or secondary 
amine and in which the substituent A is eitho* the group linkrP(0)(0R^)2 or a precursor such 
as [OH], [SH], [NH], Br etc. The amJne 3.4, (Scheme 3) is treated with an amino acid SA 
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